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The world’s most extensive range of 


MASS SPECTROMETERS: 
ie ae as brtp59 


techniques, these Mass Spectrometers produced 


Metropolitan-Vickers Electrical Co. . represent the 
most comprehensive range of inst: lies an 
Din 


company in the world. EA A 


Metrovick MS2-G | For chemical and isotopic analysis 
Mass Spectrometer | of gases and volatile liquids 
Metrovick MS2-H_ | For analysis of high molecular 


Spectrometer | weight compounds and general 
chemical analysis 


ice Grocsseeennsk] colon earteas noteainn tortediiek At Oxford University—A Metrovick MSs Mass Spectrometer 
recently installed at the Department of Geology and Mineralogy. 
Metrovick MS2-SG | For isotopic analysis of 
Mass Spectrometer | solids and gases 2-450 
For —— analysis of uranium 
hi ide and simit ‘ f 
ecules ntaaatemtdat d Full technical details of any of the 
~ oj mete oo po rego prot wae instruments listed will be gladly supplied on request. 
edie teen chee In addition, experts of Metropolitan-Vickers 
Technical Service are available to advise or assist 
for fecdinn tedaidhctinabacks of you on any aspect of mass spectrometric analysis, 
solid samples using surface 
ionisation techniques 


gas leak detection using 
helium as tracer 


For gas leak decection using argon METROPOLITAN-VICKERS 


or butane as tracer 


For analysis of impurities in solids, 
such as metals, alloys, 
semi-conductors, graphite, etc. An A.E.1. Company 


ick MSP This is a very high resolution 
Mass Spectrometer | spectrometer for qualitative and 
(Replacing type MS8) | quantitative analysis 
of organic compounds 
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An advertisement in the Edwards “Mike Ron’ and Milly Torr’ at 













“A system that 
can’t lose!” 






































“* You can’t use headlines like that for Edwards, Mike Ron. 
People will think they run a betting shop. If you have some- 
thing to say, put it in a clear dignified way that intelligent 
scientists and industrialists can understand.” 


** All right Milly Torr, what about this :—Edwards have a 
patent pending on an Oil Re-circulating system for two- 
stage “ Speedivac”” High Vacuum Rotary Pumps that en- 
sures a discrete quantity of oil continuously re-circulates 
through the high vacuum stage where it is continuously 
purged of volatiles by the stripping action of the inter-stage 
vacuum. And that means of course that a good vacuum is 
maintained even if the oil in the main reservoir is severely 
contaminated. At the same time, prompt ‘ make-up’ of any 
oil loss from the high vacuum stage is assured.” 





“ That’s wonderful, Mike Ron. You put things into such a 
beautifully large nut-shell.” 


SPEEDIVAC’ nich VACUUM ROTARY PUMPS 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley 1500 
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ABSORPTION CTRUM OF MAL gIC J ' BEER- LAMBERT RELATIONSHIP FOR 
ni. “ at si MALEIC ACID IN AQUEOUS SOLUTION 


: TH. 
CELL LENGTH: t-cm — 
CONCENTRATION : 0-007564gm/i 
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OPTICAL DENSITY 


260 280 300 320 340% 








High performance at 
Low wavelengths 


The absorption spectrum of maleic acid reproduced here emphasises 
the excellent performance of the SP.500 spectrophotometer at low 
wavelengths. The second graph shows the Beer-Lambert relationship 
at 210my, and illustrates the virtual freedom from stray light at 
this wavelength. 

With the new fused silica prism, the SP.500 Spectrophotometer reaches 
still further into the ultraviolet-—down to 186my, the limit set by 
the absorption bands of atmospheric oxygen. The advantages of 
this are two-fold: a new region, hitherto accessible only to specially 
prepared instruments is made available for every user, and the 
performance of the instrument, over the whole of the important 
200mu—240my region, reaches a new high level. The standard test 
specification for the SP.500 now stipulates not more than 0.2% stray 
light at 200myu—a clear indication of the instrument’s quality. 
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microbiological reagents and media 


PEPTONES and HYDROLYSATES 
for Microbiological Culture Media 


Difco peptones and hydrolysates are prepared to meet the diversified nutri- 
tional and biochemical requirements of microorganisms. A single peptone 
cannot provide the essential nitrogenous nutriments for all cultural and 
metabolic processes. Difco peptones and hydrolysates have been developed 
to meet the various requirements for microbiological procedures including 
growth, preparation of toxin and vaccines, and for the study of microbial 
metabolism. 


YY 
Yy 
Une 


MM 


UY 


BACTO-PEPTONE ¢ BACTO-TRYPTONE ¢ BACTO-TRYPTOSE 
BACTO-CASITONE ¢ PROTEOSE PEPTONE ¢ BACTO-CASAMINO ACIDS 
PROTEOSE PEPTONE NO. 3 ¢ BACTO-CASAMINO ACIDS TECHNICAL activit 


NEOPEPTONE ¢ BACTO-VITAMIN FREE CASAMINO ACIDS for r 
univer 

Over 60 years’ experience assures UNIFORMITY * STABILITY ¢ ECONOMY crease 
as wel 


Difeo Laboratories toes 


Prompt delivery from U.K. stock. Write for Difco Manual and technical leaflets to the sole agents: the Co 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND of the 
Branches in London, Manchester and Glasgow Agents throughout U.K. and all over the world they 1 
TAS/DO.3 dats 


may | 
that 


tT; TO THE RANGE OF = 
MOT QUOITIONS + ‘SDAVISIL??> GLASSWARE § xin. 


ready 
trial r 
which 


Uf  f 
Yj 
UJ 


Ys 
Y 


YY 
di 


Y 





PRP A RL PE A be Ci, I 


. the re 

These entirely new examples of “ Davisil ” : ment’: 

heat-resisting glassware fulfil the modern “DAVISIL” HEAT-RESISTING are mi 

requirements of the laboratory. Send now BOROSILICATE GLASSWARE set asi 

to your Laboratory Furnisher for full FOR ALL LABORATORIES and it 
details and prices. 

DAVEY & MOORE LTD Resear 

M. St 

LOCKFIELD AVENUE, BRIMSDOWN, ENFIELD, MIDDLESEX Tel.: Howard 2722. Grams: Bottles, Enfield 











June 20, 1959 


No. 4677 


39 


HE annual report of the Council for Scientific 

and Industrial Research for 1958* follows the 
pattern of the Council’s first annual report last year. 
Shorn of the detail of the work of the various research 
boards and stations, it continues the review of the 
Department’s activities commenced in 1957; but, as 
Lord Hailsham notes in his introduction, it is mainly 
concerned to indicate the broad features of the 
plans of the Department for the five years 1959-64. 
These involve a 70 per cent increase in the ex- 
penditure of the Department, from £36 million 
in 1954-59 to £61 million in 1959-64, rising fairly 
wiformly from about £9 million in 1958-59 to £14 
million in 1963-64, and envisaging a 30 per cent 
increase in staff (at present 4,860). 

The proposed expansion covers all the main fields 
of the work of the Department, including the 
activities of its research stations, increased grants 
for research and postgraduate training in the 
universities and elsewhere and allowance for in- 
creased grants to the industrial research associations, 
as well as greater efforts to secure the proper com- 
munication to industry of the relevant scientific 
knowledge available. In regard to industrial research, 
the Council believes that valuable ideas exist in some 
of the smaller industrial concerns of Britain which 
they themselves cannot afford to investigate, and 
that at the other end of the industrial scale there 
may be research and development projects so big 
that even large organizations cannot adequately 
fnance them. As to how many of these would be 
appropriate subjects for Government backing the 
Council is non-committal ; but the Department is 
ready to consider proposals for the support of indus- 
trial research and development, whatever the scale, 
which are likely to lead to results of value to the 
nation as a whole. 

Although, however, the position of the grant- 
aided research associations is discussed in about 
three pages of the report, the work of these associa- 
tions is to be the subject of a separate report and the 
general policy towards them is more appropriately 
and effectively considered when that report appears, 
particularly since the relevant financial information 
is to be published in that report. A similar con- 
sideration largely applies to the section dealing with 
scientific and technical information, including over- 
seas liaison, though here we are still without promise 
of a relevant report. It is stated that during the 
next five years the Council envisages an expansion 
of information and advisory services, to ensure that 
the results of the research carried out in the Depart- 
ment’s own stations and in the research associations 
are more widely known and applied. Funds are being 
set aside for special assistance of this kind to industry, 
and it is intended to make every effort to combine 






































* Department of Scientific and Industrial Research. Report of the 
reh Council for the year 1958. Pp. 61. (Cmnd. 739.) (London: 
HM. Stationery Office, 1959.) 3s. 6d. net, 
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the various media of communication, and to link the 
contributions of the many different bodies concerned, 
in an effective manner. 

One of the grant-aided associations, namely, Aslib, 
is, of course, specifically concerned with such work, 
but nevertheless the Council for Scientific and Indus- 
trial Research continues to shroud such activities 
largely in secrecy. No information whatever as to 
the magnitude of expenditure in this field is disclosed 
in the present report, other than that in the next 
few years it will average three times the present 
figure for the new National Lending Library. While 
it could not be expected that a report of this general 
nature should enter on the details which would 
facilitate effective public discussion, for example, of 
the plans of the Department for the National Lending 
Library for Science and Technology, for regional 
information centres, or for new information tech- 
niques, such discussion is particularly important in 
order to enlist the co-operation and the informed 
criticism which are essential for the most effective 
use of man-power and material resources in this 
field. A reasonably detailed review of activities in 
this field is overdue and could make an important 
contribution to eliminating waste of effort and 
securing the most efficient use of the resources of the 
Department. 

For the rest, apart from the five-year plan, the 
Council’s report continues its review of selected 
research stations and sets forth the considerations at 
present guiding its policy in scientific grants. Of the 
plan itself, Lord Hailsham expresses the view that 
it should stimulate the growth of science in Britain 
as a whole and be of great potential value in assisting © 
British industry to keep in the forefront of new 
ideas, materials and processes and to equip itself 
technically for effective competition in world markets. 
In the main, expansion has been planned along the 
general lines proved by experience, but the Council 
stresses the importance of not tying expansion too 
closely in advance to specific projects. While it 
considers that the present expenditure of the Depart- 
ment is small in relation to the importance of its 
work, and that, subject to the efficient use of 
resources, this expenditure should rise as more 
scientists and technologists become available, it 
stresses also the need for flexibility. It seeks as 
much flexibility as possible in allocating its increased 
funds and in deploying the extra man-power those 
funds will provide. 

The emphasis placed on experimenting with new 
ideas and amending policy and organization as the 
need arises is thoroughly sound, though different 
opiniors may well be held as to the accuracy with 
which research needs can be estimated two or five 
years ahead and as to the importance—indirect as well 
as direct—of stability in research policy. The rapid 
expansion of grants for research and postgraduate 
training is, of course, aimed directly at increasing 
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the number of scientists and technologists who have 
pursued advanced studies, as well as at encouraging 
a healthy and vigorous growth of research in the 
universities and similar institutions. It is proposed, 
for example, to doubie the total number of the 
studentships awarded by the Department from about 
1,900 in 1958-59 to 3,800 in 1963-64, with an even 
more rapid expansion in grants for special researches, 
to maintain a healthy balance between teaching and 
research in the expected growth of academic in- 
stitutions and to ensure that talent for research is not 
cramped by the lack of equipment and ancillary staff. 

Total expenditure in this field is planned to rise 
overall to three or four times as much, with con- 
siderably greater increases in selected fields. Ex- 
penditure in nuclear physics will provide for the 
maintenance, operation and development of large 
particle-accelerating machines at six British univer- 
sities and for one or two new ones, as well as for 
research designs to secure the maximum benefit from 
such machines in the universities, at the National 
Institute for Research in Nuclear Science, and at the 
European Organization for Nuclear Research. More- 
over, the importance of the contribution which the 
Department of Scientific and Industrial Research is 
making to our scientific research effort will be en- 
hanced by the Council’s proposal to give financial 
support for longer terms than was customary in the 
past to outstanding university investigators embark- 
ing upon promising lines of research for which the 
universities cannot make adequate provision. The 
new policy contemplates grants, where appropriate, 
for initial terms of three to seven years, terminating 
with a quinquennium of the University Grants 
Committee but renewable for one or two quin- 
quennia. 

The initiative for setting up these research groups 
will usually come from the universities, and normally 
each will be led by an outstanding worker in his field 
who is on the permanent staff of the university. This 
new policy, moreover, is the outcome of agreements 
with the other grant-awarding bodies as to the general 
principles which should guide the policy of the 
Council, and the further implications are being con- 
sidered with the University Grants Committee and 
the other research councils. It is also hoped to 
encourage the growth of research teams in the human 
sciences more comparable with those that already 
exist in the natural sciences and to attract research 
workers of high calibre to this field. The Human 
Sciences Committee of the Council, which in the 
1957-58 session recommended new awards and con- 
tracts totalling £53,000, is making a thorough survey 
of research needs, so that it may concentrate resources 
on a limited number of important topics, each of 
which falls within the province of one existing 
research team. 

Trends in scientific grants to which the Council 
directs attention include the maintenance of the high 
standard of scholarships with the growing number of 
research studentships and the increasing adminis- 
tration by the Council of awards for the interchange 
of British postgraduate students in science and tech- 
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nology, with a limited number from funds to }y 
provided through the North Atlantic Treaty Organ. 
ization. The expenditure on grants of the Research 
Grants Committee rose from £476,000 in the final 
year 1957-58 to £617,000 in 1958-59, the increagg 
being greatest in subjects other than nuclear physies, 
The Council is seeking to strike a better balance of 
expenditure between nuclear physics and _ other 
branches of science and technology, and here again, 
although the number of recommended awards rose 
from 115 totalling £856,000 in the previous year to 
147 totalling £1,037,000, the quality of the applica. 
tions was well maintained. Seven specialist sub. 
committees covering astronomy, biology, chemistry, 
geology and geophysics, mathematics, physics and 
technology are advising the Research Grants Com. 
mittee, and in 1959 the Department is likely to be 
called upon to administer certain international funds 
for grants falling within the general province of the 
Research Grants Committee, such as the scheme of 
Senior Visiting Fellowships of the Organization for 
European Economic Co-operation and the Advanced 
Study Institutes of the North Atlantic Treaty 
Organization. 

The Council’s continued survey of present and 
projected research at the research stations of the 
Department has confirmed its view that there is a 
large and growing field for research appropriate to 
these stations, and that these stations should con- 
tinue to undertake three types of research of great 
importance to the nation but of too general an 
application to be financed by any one industry or 
group of industries. First, there is research which 
assists central and local authorities to supply essential 
services and protect the welfare of the people. Then 
there is research which improves the efficiency of the 
economy as a whole; and lastly, comes research 
which provides industry with basic information for 
carrying out the applied research necessary to solve 
its particular problems. 

These generalizations, and what has already been 
indicated as to the Council’s policy in regard to 
scientific grants and the encouragement of research 
at the universities and similar institutions, including 
the colleges of technology, show very clearly the 
firm place the Department now holds in the scientific 
effort of Great Britain, and the varied but flexible 
contributions which the Council seeks to make with 
the modest resources at its disposal. They will not, 
indeed, dispose of all the difficulties. It may well 
depend on particular and changing circumstances 
whether the necessary effort is best made through 
the Department itself or in some other way. Nothing 
in this report touches on the unresolved issue of 
whether research affecting some essential service is 
best organized departmentally or through a central 
research department such as the Department of 
Scientific and Industrial Research. Changing ¢it- 
cumstances may also determine whether the Depart- 
ment should enter on some particular field, # 
whether it is better left to a particular industry or # 
@ university, with or without assistance from the 
Department. 
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When the criticism which Si Hugh Beaver 
advanced before the Institution of Chemical Engin- 
eers a year ago is discounted to the limits of prudence, 
it is clear that the Council of Scientific and Industrial 
Research is becoming better equipped to advise on 
the distribution of Britain’s research effort, and 
probably to advise on some probable effects of such 
a decision as that recently announced to enter on a 
programme of space research. The Council obviously 
is taking flexible views of its responsibilities and is 
prepared to vary its decisions and policy with chang- 
ing circumstances. 

The Council is anxious to remove any doubt as to 
the purpose of the National Chemical Laboratory, 
which is to undertake selected basic and applied 
research of national importance not being conducted 
elsewhere and inappropriate to any other organiza- 
tion. The Laboratory does not exist to cover the 
whole field of basic research in chemistry, and its 
resources are now to be concentrated fairly rigorously 
on a limited number of objectives. In future, these 
will comprise, first, problems requiring research of a 
fundamental nature which are of importance to the 
advancement of scientific knowledge and the develop- 
ment of industrial processes but which are inappro- 
priate to universities and other research organizations 
because of the special facilities, experienced staff and 
continuity of effort required. As examples are cited 
the determination of fundamental physico-chemical 
properties of materials required by chemical engin- 
eers in the design of full-scale plant. 

A second category comprises problems the solutions 
of which are of considerable importance to many 
industries and to the national economy, such as the 
control of the corrosion of metals, which could offer 
annual savings of several hundred million pounds. 
The third category is concerned with chemical 
researches carried out for other organizations on @ 
repayment basis ; of these, the research being under- 
taken for the Atomic Energy Authority on the 
extraction of elements of importance for the pro- 
duction of nuclear power from low-grade ores is at 
present the most important. It is in accordance with 
this policy that the work of the National Chemical 
Laboratory in the high-polymer field is being con- 
fined to work on polymer membranes and to the 
synthesis of resins for special purposes such as the 
separation of metals, and that the chemical engin- 
eering work is being transferred to the new Warren 
Spring Laboratory at Stevenage. 

The first two categories of work appear to be pre- 
eminently the type of research with which the 
research stations of the Department in general 
should be concerned, and the new departure in 
financing chemical engineering research recently 
announced by the Association of British Chemical 
Manufacturers and the British Chemical Plant 
Manufacturers’ Association is of some interest in this 
connexion. This decision is the outcome of the 
report of a distillation panel set up by the Chemical 
Engineering Research and Advisory Service Com- 
mittee of the former body to recommend some basic 
researches, and at the moment £10,000 a year is 
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being spent by the two Associations on six research 


projects at four British universities. It represents a 
new departure in co-operation in research of which 
the Council of Scientific and Industrial Research 
must clearly take notice, and one which could well 
affect the activities both of the Warren Spring 
Laboratory and of the Mechanical Engineering 
Research Laboratory (since renamed the National 
Engineering Laboratory), where it is proposed both 
to expand the resources of the Laboratory over the 
next five years and to concentrate on fewer projects. 

In such a context the decision to make a deputy 
director both at the National Physical Laboratory 
and at the National Engineering Laboratory primarily 
responsible for fostering close relations with industry 
may prove to be of particular importance. The 
Council has also reorganized the Electricity, Metro- 
logy and Physics Division of the National Physical 
Laboratory, together with the Test House, on a 
functional, instead of a subject, basis in those 
Divisions: Standards, Applied Physics, and Basic 
Physics. The last is responsible for pioneering 
developments in certain branches of modern non- 
nuclear physics which have potential applications in 
industry, and the Council believes that the pro- 
gramme of fundamental research in new fields now 
taking shape will attract a strong team of able 
young scientists to the Laboratory. 

While the Department has now largely shed its 
responsibilities for research on timber and on food, 
it accepted on April 1, 1959, responsibility for the 
Tropical Products Institute. This research station 
will continue to seek to improve the economic 
viability of the undeveloped territories of the tropics, 
primarily those that form part of the Common- 
wealth, and to advance the technology of existing 
industries as well as the introduction of new indus- 
tries by means of research into new uses for tropical 
plant and animal products. Such work will continue 
to be supported from Colonial Development and 
Welfare Funds, and the new arrangement should 
strengthen the relations already existing between 
the Department and the Colonial Research Council 
and the Colonial Products Council; but equally it 
indicates the need for the Council of Scientific and 
Industrial Research to be considering closely the 
location and organization of Colonial research. 

This second report of the Council for Scientific and 
Industrial Research should remove some of the mis- 
understandings as to its work and responsibilities 
which have been freely expressed in recent years. It 
does not, indeed, deal with the question of the 
direction or distribution of the scientific and research 
effort of Britain at the highest level; but it does 
suggest that, within its own field and limits, the 
Council is well qualified to strengthen that effort not 
merely in specific or particular ways but also fre- 
quently to restore the balance, for example, between 
research in nuclear and in non-nuclear physics, and 
to provide flexibility and variation. The sixty pages 
of the report contain ample material for informed 
discussion of many aspects of Britain’s effort in 
scientific and technical research. 
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SCIENCE AND SOCIETY 


Our Debt to the Future 
Symposium presented on the Seventy-fifth Anniver- 
sary, 1957. Edited by E. G. D. Murray. (Royal 
Society of Canada “Studia Varia” Series, Vol. 2.) 
Pp. viii+133. (Toronto: University of Toronto 
Press; London: Oxford University Press, 1958. 
Published for the Royal Society of Canada.) 32s. net. 
HE papers which have been collected under 
the title ‘Our Debt to the Future” cover a wide 
field. In these general addresses the Governor- 
General, Rt. Hon. V. Massey, puts some pointed 
questions to Fellows of the Royal Society of Canada 
and suggests that they might concern themselves 
more closely with the whole intellectual life of the 
community. The president, Dr. W. A. Macintosh, 
reviews the development and work of the Society, 
and Dr. D. L. Thomson discusses the roles of the 
scientist and the scholar in Canada’s future, and there 
are five other groups of papers. These consider, 
respectively, the penalties of ignorance of man’s 
biological dependence, the social impact of modern 
technology, Canada’s economic potential in the light 
of science, human values and the evolution of society, 
and Canada’s human resources. 

In spite of this diversity the symposium displays a 
noteworthy unity and its presentation of the contribu- 
tion which scientists and scholars can make to 
national development is markedly free from technical- 
ities, and is a happy demonstration of the possibility 
of that venture into communication to which the 
Governor-General summoned the Fellows of the 
Society. It demonstrates what can be done to ensure 
that public opinion, and the legislative and diplomatic 
action it initiates, are adequately informed and to 
diminish the danger of learning and scholarship being 
submerged in a technological servitude. It indicates 
questions to which answers must be sought here as in 
Canada if our educational institutions are to be 
shaped to meet the needs of the day, and if a reason- 
able solution of the problems of power and responsi- 
bility, of wisdom and learning, is to be found before 
disaster falls on us. 

Such questions are raised, with the fitting note of 
urgency, in the Governor-General’s address. The 
presidential review of the past brings into sharper 
focus the opportunities of the future and the moral 
and intellectual challenge they offer with its emphasis 
on cultural and humanistic values as well as adequate 
scientific and technical knowledge and skill. That is 
further underlined by Dr. Thomson, who, while 
deprecating the distinction between the scholar and 
the scientist, insists that we must both stimulate the 
spirit of enterprise and adventure in youth, and seek 
to train men and women not only professionally 
competent but also having access to those deep wells 
in which lie the secrets of the future. 

The contributions to the symp sium dealing with 
the biological sciences are concer™.ed more specifically 
with Canadian problems, but they begin and end with 
a plea that scientists should demand and be granted 
more influence in the use of their knowledge, more say 
in determining financial needs for scientific research 
and some control over the implication of science for 
political expediency. Mr. R. H. Manske frankly urges 
scientists to take a more active part in public affairs 
if only because of the public benefit to be derived from 
the more objective thinking in public affairs which 
the whole training of the scientist has been designed 
to encourage. 
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Some of the wider issues which are involved in the 
social impact of technology are discussed in the follow. 
ing symposium. Mr. V. W. Bladen points to problems 
calling both for research and reflexion, for example, 
in regard to investment, to leisure, to resistance to 
change, while Dr. E. W. R. Steacie directs attention to 
the influence which society itself has on the guiding 
of technological advance and points out that the 
development of scientific knowledge and the potential 
technological advances which may arise from it 
have given society, for the first time, a chance to make 
decisions on many matters previously largely or 
wholly beyond its control. All science can do is to 
increase the fund of natural knowledge and thus 
increase our potential control over our environment. 
What society does with this power is a social problem, 
and if there is a conflict between the scientist and the 
humanist to-day Dr. Steacie suggests it is not out of 
narrowness versus breadth but rather one of under. 
standing Nature compared with understanding man. 
Mr. W. H. Watson also stresses the need to learn to 
combine the solid tradition of broad human under. 
standing with an appreciation of the need for new 
intellectual tools adequate to deal with practical 
matters. The solution of actual problems is often 
made more difficult by technical inadequacy of the 
means available, and many of the men who by endow. 
ment, training and experience are entrusted with 
commenting on the broad human situation are often 
unable to comprehend the scope of the changes that 
are imminent. By separating themselves from science 
they have lost touch with a large and important part 
of the intellectual life of modern man. Mr. Watson 
does not claim that the methods of science are the 
only methods that men may be disposed to use, 
but he points out that through efficient educational 
processes new ideas work their way with cumula- 
tive effect to cause social change beyond our 
imagining. 

The symposium on science and economic potential, 
although concerned essentially with Canada’s own 
economic resources, brought to light a divergence 
between the views of the economist and the specialist 
in resources or conservation which is of some general 
interest since, as M. M. Lamontagne remarks, it 
increases the difficulty of developing adequate policies 
for the utilization and conservation of resources. 
That on human values and the evolution of society 
is of general interest. Dr. T. W. M. Cameron, observ: 
ing that society, not science, creates technology, that 
science is part of both culture and humanism, and 
that the humanist must be able to distinguish between 
science and technology as well as to control the 
advances in technology, emphasizes the limited 
potential of constructive thinkers. We need to 
remember that man’s internal environment is under 
only partial mental control and that although al 
potentialities can be developed only a very few 
individuals can be really educated to be constructive 
thinkers. Society must seek them out and provide 
them with the opportunities to develop their particu: 
lar talents. Far too little attention is still being 
paid to the human biological sciences, those which 
concern man as an organism. These views weft 
further elaborated by A. S. P. Woodhouse who, 
agreeing that education is the principal means © 
preserving and spreading if not of advancing civiliz 
tion, urged that such education should in its characte 
reflect and in its operation fortify two of the dis 
tinguishing marks of a civilized society : permanent? 
and progress. This debate about the ends of educatim® 
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continued in the concluding symposium, in which 
J. K. W. Ferguson referred to the danger of demands 
for universal secondary and even higher education 
swamping facilities and debasing the product. 
Diversification of channels for post-primary education 
should be a practical aim and the maximum freedom 
of individual choice should be an ideal. Mass media 
had contributed much at the evocative level of 
education and they might possibly be used to do even 
more. L.-P. Dugal suggested that to restore the 
proper balance between liberal arts and science, thus 
uniting modern knowledge, was a main responsibility 
of our time and implied a pattern of education suffici- 
ently flexible, especially in the early formative years, 
to satisfy later both the needs of the nation and the 
aspirations of the individuals. Finally, W. B. 
Lewis took up Dr. Steacie’s challenge, how much 
efficiency did we want, and referred to the importance 
of finding new ways, especially by the improvement 
of our means of communication, of helping the 
universities to deal with increasing numbers without 
lowering standards. Further, the research institute 
and the university could and should be mutually 
helpful. We should ensure that adequate technical 
aids were available and that more care was taken to 
see that the tools were appropriate to the purpose so 
that man-power was used efficiently. 
R. BRiGHTMAN 
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RECENT DEVELOPMENTS IN 
PLANT PHYSIOLOGY 


Annual Review of Plant Physiology 

Vol. 9. Edited by A. 8. Crafts in association with 
Leonard Machlis and John G. Torrey. Pp. x+510. 
a Alto, Calif.: Annual Reviews, Inc., 1958.) 
7 dollars. 


8 with previous volumes, the Annual Review of 

Plant Physiology for 1958 covers a wide range 
of topics. In this volume they extend from the 
physiology of salt tolerance, reviewed by L. Bernstein 
and H. E. Hayward, to post-harvest physiology of 
fruits, discussed by R. Ulrich; from the quantum 
yield in photosynthesis, dealt with by R. Emerson, to 
> egpacammaas in lower plants, considered by L. F. 
affe, 

In the introduction to this volume, the editor 
refers to the changing emphasis with time in the 
field of plant physiology, and among a number of 
subjects on which emphasis has been laid in the past 
he includes auxin a and auxin b. If these have suffered 
eclipse, the interest in growth substances is as lively 
as ever, for no less than three of the fifteen reviews 
which make up this volume are concerned with 
auxins. J. A. Bentley deals with the naturally 
occurring auxins and inhibitors, P. M. Ray with the 
destruction of auxin, and A. C. Leopold with the uses 
of auxin in the control of flowering and fruiting. 
The related topic of herbicides is considered by E. K. 
Woodford, K. Holly and C. C. McCready. The extent 
of the bibliographies to these four articles, which 
contain respectively 231, 159, 190 and 357 references 
respectively, of which only a few are earlier than the 
year 1950, gives some indication of the current 
interest in growth-regulating substances. 

Two reviews deal with special aspects of plant 
metabolism. In one of these, L. W. Mapson con- 
siders the function of ascorbic acid in plants. The 
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universal presence of this substance in active meta- 
bolizing cells suggests that it has some essential 
function and, although it is not by any means clear 
what this is, it is useful to have this statement of the 
present position. Perhaps in no aspect of plant 
metabolism does fresh information accumulate more 
rapidly than in nitrogen metabolism, and in this 
field E. W. Yemm and B. F. Folkes write on the 
metabolism of amino-acids and proteins in plants, 
the problems of the synthesis and interconversion of 
amino-acids and their relation to protein metabolism 
being dealt with particularly thoroughly. 

An article by W. Reuther, T. W. Embleton and 
W. W. Jones on mineral nutrition of tree crops deals 
chiefly with the major nutrients, nitrogen, phos- 
phorus, potassium, calcium and magnesium, including 
the effects of their deficiencies or excess and their 
relations to quality of fruit. Some data are also 
given with regard to micro-nutrients and the inter- 
relationships of the mineral nutrient elements. 

The physiology of one particular plant, tobacco, 
is the subject of a contribution by R. A. Steinberg 
and T. C. Tso, while the physiology of a whole group 
of plants, the freshwater algae, is reviewed by R. W. 
Krause in a paper with a bibliography containing 
467 references. The volume concludes with contri- 
butions on the biogenesis of flavenoids by L. Bogorad, 
and on cytochromes in plants by L. Smith and B. 
Chance. 

This volume is well up to the high standard of its 
predecessors and will be invaluable as a work of 
reference for plant physiologists wishing to obtain a 
view of recent developments in those aspects of 
plant physiology outside their own specialist interests. 

W. Stites 


MATHEMATICS FOR THE PHYSICAL 
SCIENCES 


Ancillary Mathematics 

By Prof. H. S. W. Massey and H. Kestelman. Pp. 
xvi+990. (London: Sir Isaac Pitman and Sons, 
Ltd., 1959.) 75s. net. 


N the post-war revision of examination syllabuses 
in the University of London, much attention has 
been given to the amount and kind of mathematics 
required to-day by a student whose chief interest is 
in one of the sciences. While a good knowledge of 
calculus and differential equations is still necessary, 
there is an increasing demand for a wider scope and @ 
deeper logical understanding: the scientist can no 
longer safely rely on a manipulative technique built 
on sketchy foundations. The present volume is 
designed to meet present-day needs in physics and 
chemistry, and should see the student from his A-level 
mathematics as far as the end of his first year at the 
university. Such a course cannot but be voluminous, 
since it includes, for example, three-dimensional 
geometry as far as the elements of differential geo- 
metry, spherical trigonometry, differential and integ- 
ral calculus of functions of more than one variable, 
the elements of the calculus of variations, as well as a 
concise but comprehensve treatise on particle and 
rigid dynamics, using vectors and moving axes, and 
going as far as Lagrange’s equations and variational 
principles such as Hamilton’s. Yet there is nothing 
superfluous in the book’s 1,000 pages; one may 
even regret that there is no mention of matrices or 
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tensors, and that complex-variable theory stops at 
the Cauchy—Riemann equations and does not touch 
on Cauchy’s theorem. 

Though one may suspect that, of the distinguished 
authors, the Professor of Physics is responsible for 
much of the motivation while the Reader in Mathe- 
matics has been the keeper of the mathematician’s 
conscience, there is no evidence of any such dichot- 
omy in the book itself. It is an integrated piece of 
work ; mathematical rigour is not something to be 
taken or left according to taste, it is woven into the 
stuff and fabric of the volume. Proof is as important 
to the scientist as it is to the mathematician: “if 
scientists to-day continue to practise the errors 
condemned by Berkeley, it is because on most 
occasions they are content with rules, not proofs”’ 
(p. 76). But here and there, when a piece of needed 
technique depends on a difficult. proof, the argument 
is left in small type, a warning to the reader that there 
is no royal road. 

Every point of importance is illustrated and 
emphasized by worked examples, and there is a more 
than adequate supply of exercises for the reader, 
mainly taken from recent examination papers in the 
University of London. There can scarcely be a better 
text-book for the young physical scientist who has 
realized that Kelvin’s demand for ‘‘a guid bellyful o’ 
mathematics” is even more urgent to-day. 

T. A. A. BRoADBENT 


ANCIENT IRELAND 


Early Christian Ireland 
By Maire and Liam de Paor. (Ancient Peoples and 
Places, Vol. 8.) Pp. 264 (76 plates). (London : 
Thames and Hudson, Ltd., 1958.) 25s. net. 

“HIS volume of the Ancient Peoples and Places 

Series lives up to the high standard of pro- 

duction and half-tone illustration we have come to 
expect from Messrs. Thames and Hudson. The book, 
presumably intended more as a convenient handbook 
for the educated layman than as a reference work for 
the scholar’s shelf, is most pleasantly written ; so 
much so, in fact, that one tends to be beguiled by the 
easy style and to slide, unthinkingly, over some errors 
of fact and uncertainties of interpretation. 

For the layman the volume is adequate and 
competently handled. With a few exceptions, there 
is little new in it and there is general adherence to 
established chronological and art-historical schemes, 
especially those adapted to an English taste. 

A more critical appraisal discloses instances of 
poetic writing which will be passed over by the foreign 
reader but which, in Ireland, may cause some ques- 
tioning. For example, on p. 15, the authors tell us 
that “‘all the kings of Ireland . . . could trace their 
descent from Adam, naming an ancestor in each 
generation”. This is romantic but not strictly 
accurate: the fili may have been able to do this, 
but not their royal overlords. Again, it is stated 
(p. 19) that “the highland periphery [of the island] 
can provide only scattered and separate refuges for 
older traditions”. This is a statement which it is 
difficult to substantiate. On p. 32 we are told that 
“,.|. it seems likely that the hill-forts of the Iron Age 
were passing out of use in St. Patrick’s time’’, but we 
are left guessing as to what these monuments are and 
what evidence there is for their falling into disuse. 

On p. 34 we are told that “the fifth-century 
missionaries brought the use of letters to Ireland” 
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but on p. 61 the statement is made that the Ogham 
stones “in a rune-like cipher [it is not rune-like— 
J. R.] based on the Roman alphabet” are “perhaps 
as early as the fourth century”. In fact, there js 
some slight evidence, which the authors might have 
investigated, to suggest that certain classes in Ireland 
were acquainted with letters at an even earlier stage, 

We get general statements such as that on p. 54: 
“. . . in time the monastic workshops became the 
chief centres of craftsmanship in the country”, a 
statement for which there is only the slightest 
archeological evidence, especially when one remem. 
bers the special social and legal position of the aes 
dana, the lay guild of craftworkers, and the existence 
of so many non-monastic ateliers, such as those at 
Lagore, Garranes, Garryduff, etc. 

There are several instances of a lack of digestion 
on the part of the authors of the book, an indication 
that they have not made up their minds as to what 
theory they should hold on particular issues. For 
example, on p. 143, Byzantine and Carolingian 
iconography is stated to have been drawn upon by the 
carvers of the scripture crosses and reference is made 
to the Continental panelled ivories ; but no sugges- 
tion is madé as to the origin of the panels on the high 
crosses. On the other hand, on p. 154, in discussing 
the metalwork, it is implied that the panelling is 
derived from what the authors call the ““Trewhiddle 
style of southern England”. This, then, leaves one 
reader at least facing the question: do the authors 
mean that the crosses are Irish, the scriptural scenes 
on them Byzantine and Carolingian, and the frame- 
work of the panels English? If this is what they mean, 
it might have been conveyed more clearly, though it 
might not even then have received general accep- 
tance. 

It is a pity that the book contains a fair share of 
misstatements and errors of fact, most of which could 
have been checked by reference to the specimens 
exhibited in the National Museum of Ireland. A few 
random examples will suffice: (p. 35) the trumpet 
stated to be from ‘‘Annaclone, Co. Down”’ must be 
that from Ardbrin, Co. Down; it has no mouth-disk 
and bears no repoussé ornament; (p. 39) the Boyne 
bracelet has not an ornithomorphic whorl in red 
enamel. No enamel remains and there are no birds’ 
heads on the ends of the triskele arms (p. 171). Itis 
the front and not, as here stated, the back of the Cross 
of Cong which is panelled; and p. 96 contains the 
extraordinary statement that “‘crucibles for smelting 
copper and bronze are fairly common’’. 

It is a pity, too, that elaborate Irish spellings were 
used when even the reformed Irish spelling would 
have been phonetically easier. For example, in & work 
in English, why not use the well-known form of the 
personal name ‘‘Mahon” rather than the ugly- 
looking (and for most people unpronounceable) 
“Mathghamhain”; and, if one insists on being 
traditionally Gaelic in one line, one should strive te 
be correctly Gaelic in the next by writing “Dal 
gCais” for the authors’ incorrect “‘Dal Cais’’. 

Finally, why use a term that is as historically 
meaningless (though current) as “Dark Age”, and 
why apply it to the ninth century in Ireland? 

What appear to me as faults in an otherwise 
excellent production have been pointed out ; they 
are all such as can be corrected in a second edition, 
for I am sure that a volume that contains as much 
valuable information as this does, that is as well 
illustrated and as cheaply produced, will undoubtedly 
be in demand for a long time. JosEPH RAFTERY 
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THE ASTRONOMICAL EPHEMERIS, 1960 


By D. H. SADLER, O.B.E. 
Superintendent, H.M. Nautical Almanac Office 


“"TAHE Nautical Almanac and Astronomical 
Ephemeris”’ (usually referred to by its abbrevia- 
tion, “Nautical Almanac’’) was first published, by 
Nevil Maskelyne, the fifth Astronomer Royal, for the 
year 1767. It has since been published annually 
under the same title, but with variations of content 
reflecting the varying requirements of navigation and 
astronomy. Beginning with the edition for 1960, the 
title has been changed to ““The Astronomical Ephem- 
eris’ : the volume has been completely unified with 
the corresponding United States publication, “The 
American Ephemeris and Nautical Almanac’’, and 
further changes of content have been introduced. 

A change of title was inevitable : the Almanac has 
long ceased to serve navigators and, with the intro- 
duction of Ephemeris Time, is now still further 
removed from the requirements of navigation. The 
title “The Nautical Almanac” will henceforward be 
used, in the United States as well as in the United 
Kingdom, for the unified edition of the Almanac for 
surface navigation previously entitled ““The Abridged 
Nautical Almanac” (‘““The American Nautical 
Almanac”’ in the United States). Thus, the original 
title is to be regarded not as discontinued but as 
divided into two parts; the two publications, the 
astronomical and the navigational, each continue the 
tradition of the original in both title and content. 
The present change of title is, in fact, a long overdue 
consequence of the recognition, so long ago as 1914, 
that the requirements of the astronomer and navigator 
could not be met in a single publication. 

Unification with ‘The American Ephemeris”’ 
(which still retains its title) follows the similar 
unification of the navigational almanacs, and sight 
reduction tables, for both air and surface navigation. 
It may seem strange that, in this practical form of 
international co-operation, astronomy should have to 
follow the lead set by the essentially practical science 
of navigation, in which national usages and pre- 
judices, especially among the Services, might have 
created many difficulties. Actually, unification of 
the astronomical ephemerides has been a very much 
more elaborate and difficult undertaking than 
unification of the navigational publications. With- 
out the maximum co-operation and goodwill in both 
Nautical Almanac Offices it is doubtful if this 
unification could have been achieved ; and the minor 
imperfections, still to be put right in future editions, 
bear witness to the countless discussions, concessions 
and agreements that have been necessary at all 
stages. 

The basis of the unification is that, with the 
exception of a few introductory pages, the two 
publications, “‘The Astronomical Ephemeris” and 
“The American Ephemeris (and Nautical Almanac)” 
are identical ; they are printed separately in the two 
countries by photographic methods from repro- 
ducible material prepared partly in one country and 
partly in the other. The sharing of the responsibility, 
and of the work, in this way is inescapable. How- 
ever, it does introduce difficulties, which are for- 
tunately of a transient nature, in ensuring complete 





consistency between the two sections; the few 
inconsistencies that remain, which the majority of 
users will not notice, will be removed in future 
editions. Moreover, this method involves the com- 
bination, in the same volume, of two different 
printing styles and conventions; but the printed 
volume has proved to be less objectionable in this 
respect than was at one time feared. 

The main object of unification is not the relatively 
small, but still significant, saving in time and cost of 
calculation, compilation, printing and proof reading ; 
it is to try to ensure that the basic astronomical data 
are uniformly available to astronomers everywhere 
in a consistent form. Advanced proofs of the funda- 
mental ephemerides of the Sun, Moon and planets are 
distributed to about a hundred organizations through- 
out the world, and reproducible material for the 
whole Ephemeris can be supplied on payment of a 
small charge through H.M. Stationery Office. The 
German “‘Berliner (Astronomisches) Jahrbuch’’, intro- 
duced for the year 1775, ceased publication in 1959 ; 
astronomers in German-speaking countries will use 
one or other of the editions of “The Astronomical 
Ephemeris”’, with the aid of a German translation of 
the introductory and explanatory matter. 

The main change in the content of the Ephemeris 
is the adoption of Ephemeris Time, instead of the 
previous Universal Time (equivalent to Greenwich 
Mean Time), as the argument for the fundamental 
ephemerides of the Sun, Moon and planets. Universal 
Time is measured by means of the diurnal motion of 
the Sun, and its rate is directly proportional to the rate 
of revolution of the Earth on its axis; it therefore 
includes all the irregularities—periodic and secular— 
of the Earth’s rotation. Ephemeris Time, on the 
other hand, is a measure of the Earth’s motion in its 
orbit around the Sun, and is as nearly uniform as 
present knowledge permits. The motions of the 
Moon and planets, which are clearly independent of 
the irregularities in the rotation of the Earth, can 
only be predicted theoretically in terms of some 
uniform system of time measurement, and Ephemeris 
Time is therefore used. At present, Ephemeris Time 
at a particular instant is some 35 sec. greater than 
the corresponding Universal Time ; the actual value 
of the difference between the two can only be obtained 
by the analysis of observations, mainly of the Moon, 
and is known only several years in arrear. An extra- 
polated value is sufficiently accurate to enable most 
of the other ephemerides to be given with argument 
in Universal Time. 

A full explanation of this and other changes is 
given in the Ephemeris, and will be further amplified 
in the forthcoming ‘Explanatory Supplement” (to 
“The Astronomical Ephemeris”’ and to ‘“The American 
Ephemeris”’) now being prepared jointly by the two 
Almanac Offices. Publication, originally arranged for 

the middle of 1959, has been delayed and will not 
now take place until about the middle of 1960. 

The other changes are not substantial from the 
users’ point of view, but many revisions have been 
made to increase the precision of the ephemerides— 
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including the introduction of the ‘improved lunar 
ephemeris’ and more consistent ephemerides of the 
five outer planets, all now given to one additional 
decimal (08-001 and 0’-01), and improved data for 
calculating the apparent places of stars. Users will 
be most affected by: the corsiderable extension of 
the section on ‘‘Phenomena’’, in which are collected, 
both under individual phenomenon and in the form of 
a “Diary”, the principal astronomical phenomena of 
general interest during the year; the revised form 
of the eclipse maps enabling approximate times of 
the contacts to be more easily read; and the new 
presentation, by diagrams, of the motions of Jupiter’s 
four principal satellites, which replaces the old method 
of presentation originally given so long ago as in the 
edition for 1767. A very few users will miss the 
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ephemerides of the Sun, Moon and planets at transit 
over the Greenwich meridian; comparison of 
observation with theory must in future be mad 
with the fundamental ephemerides for 0! g7 
Elements and predictions of occultations are omitted, 
but arrangements have been made for the publication 
of the predictions elsewhere ; for example, in the 
British Astronomical Association’s ““Handbook”’ and 
in Sky and Telescope. Copies of the elements ar 
supplied to the other national ephemerides. 

Frequent changes in astronomical ephemerides are 
undesirable ; apart from details of presentation, and 
a few minor corrections and ‘second thoughts’, it js 
anticipated that ‘The Astronomical Ephemeris” wil] 
remain essentially in its present form for many 
years. 
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THE PLACE OF SCIENCE IN UNIVERSITIES PAST AND PRESENT* 
By THe Richt Hon. Lorov ADRIAN, O.M., F.R.S. 


FTER his death in 1579, Sir Thomas Gresham’s 

Trustees built an institute in the City of London 
where he had lived. It was a college for advanced 
studies, and was opened 360 years ago. It was called 
Gresham College after its founder, the financial 
magnate of Elizabeth’s reign who built the Royal 
Exchange. Both arts and sciences were to be taught 
in it, for it was laid down that there should be seven 
professors—of music, rhetoric, divinity, law, physic, 
astronomy and geometry. At that time England 
had nothing outside Oxford and Cambridge with such 
liberal aims. Scotland cared more for learning but 
lacked such great benefactors to support it. 

One must not labour the comparison between 
Gresham College in seventeenth-century London and 
the Rockefeller Institute in twentieth-century New 
York. They were both the outcome of individual 
enterprise and the enlightened disposal of the wealth 
it had brought. But there is not much more to link 
them, for the fortunes of Gresham College are too 
closely linked to the history of seventeenth-century 
England. 

We know very little about the students there but 
much more about ‘their teachers, for there is a hand- 
some volume on the lives of the Gresham professors 
published by John Ward in 1748. But we know 
something at least about the teaching which Gresham 
wanted the College to give. The regulations for the 
seven professors ordained that they should inhabit, 
study and teach there, and that there should be certain 
several solemn lectures with great care and diligence 
to be performed by every one of the said lecturers 
in their several arts and sciences. ‘There was a further 
regulation drawn up in 1597 which is not without 
interest still, at all events to the Vice-Chancellors of 
Oxford and Cambridge. It runs ‘for that the greater 
part of the inhabitants within the City understand 
not the Latin tongue, whereby the said lectures may 
become solitary in a short time if they shall be read in 
Latin only; and yet withal it is very likely that 
diverse strangers of foreign countries who resort 
thither and understand not the English tongue will 


* Substance of an address delivered on May 21 at the Rockefeller 
Institute Convocation for Conferring of Degrees and Dedication of 
New Buildings (see also Nature, 183, 1629; 1959). 


greatly desire to hear the reading of the said lectures. 
It is ordained that each lecture should be given in 
Latin from 8-9 in the morning and again in English 
from 2-3 in the afternoon”’. 

So Gresham College started well, but it had both the 
advantages and disadvantages of being in the City 
of London, at the heart of affairs during the century 
when Church and State were in the balance and when 
the City was the central bastion of the Commonwealth 
in its fight with the King. There were meetings for 
the discussion of natural philosophy at Gresham 
College in 1645 ; but the business expressly precluded 
matters of theology and State affairs. Later it was 
some of those same philosophers who moved to 
Oxford and met in Boyle’s rooms, where ‘“‘they could 
converse in quiet with one another without being 
engaged in the passions and madness of that dismal 
age”’. 

No doubt it was not so bad for the young men. At 
all events, after the Lord Protector had established 
his rule, some of the younger philosophers at Oxford 
and Cambridge were professors at Gresham College. 
William Petty was professor of anatomy at Oxford 
and became professor of music at Gresham College in 
1650, and Christopher Wren was made professor of 
astronomy there in 1657, at the age of twenty-five. 
But until the Restoration, the City of London must 
have been an uneasy place for academic studies, and 
there is no evidence that the lectures were ever 
regarded as an organized course of instruction for 
students. 

It was after 1660 that Gresham College had the 
full advantage of its position. The King and many 
of the Court were interested in the new learning; 
some of them had occupied their time with exper- 
ments when they were in exile, and some of the 
Oxford philosophers had come to London and were 
anxious to continue their meetings, and Gresham 
College was the obvious place for them. 

Next year the three-hundredth anniversary of the 
foundation of the Royal Society of London fer 
Improving Natural Knowledge will be celebrated, 
and we shall find that its early history is closely 
up with that of the College. Several large rooms wert 
set aside for its meetings and its books and appar 
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tus and curiosities. All kinds of experiments were 
demonstrated to the Fellows there, and all kinds of 
new instruments were made by Robert Hooke, the 
curator. It became the focus for every kind of scienti- 
fic advance in the Newtonian period. 

The College was something like one of the smaller 
foundations at Oxford or Cambridge, built around a 
court or a quadrangle with a cloister on two sides. 
There were no chapel and no dining-hall, as there were 
no resident students, but there were a large reading 
hall and a large west gallery for meetings. There 
were the lodgings for the seven professors, with an 
observatory for the professor of astronomy (erected 
in 1674 at a cost of £40 to “encourage Mr. Hooke in 
his curious and useful inquiries’’) and a laboratory 
for the professor of physic. In Virtue’s engraving 
(dated 1739) there is a curious object standing in the 
middle of the grass plot and there were the usual 
stables and outhouses and a row of almshouses in 
front. 

Gresham College might have played an even larger 
part in the development of science if the advantage 
of being in the heart of London had not been offset 
by the disadvantages of being in the City. The Great 
Plague of 1665 was one, for it made London unin- 
habitable for a time, but it affected the whole country. 
It sent Isaac Newton home from Cambridge to the 
manor of Woolsthorpe to invent the method of 
fluxions and master the laws of gravitation. But 
in London the Great Plague was followed by the 
Great Fire of 1666. Most of the City was destroyed. 
The College escaped ; but it became a refuge for the 
homeless, the Lord Mayor and the City Courts and 
offices, and the merchants and shopkeepers from the 
Royal Exchange. All that was left for the professors 
and the Royal Society was the astronomy lodging, 
and so the Society moved to Arundel House in the 
Strand. They went back to Gresham College in 
1673 when the city had been rebuilt, but twenty years 
later they left it again, for the College needed exten- 
sive repairs and there were plans for rebuilding it. 
In fact the building remained until 1768, but in 1703 
the Royal Society felt it would do better in a house of 
its own. Gresham College lost the immense advan- 
tage of its meetings and of the company of its Fellows, 
and thereafter its history takes on an eighteenth- 
century placidity. Its great period had been in the 
forty years before, when it had fully justified the hope 
of its founders that it would be “in truth a little 
University or Academies Epitome, as Rome when 
it flourished was Orbis Epitome”. It had been 
in truth a great postgraduate centre for scientific 
advance. 

The story of Gresham College is largely the story 
of its connexion with the Royal Society and with 
the Fellows of the Society who worked there. 
It is a story full of personal details about men 
who were remarkable for much more than their 
interest in science. It is copiously illustrated by 
portraits, letters and diaries, and it is about men as 
talented and as different as Boyle, Pepys, Newton, 
Hooke, Wren and King Charles II. It seems a pity 
to leave such distinguished company, but our present 
concern is with the beginnings of a new college in a 
new age, three hundred years later. 

The Rockefeller Institute is not so large and imper- 
sonal that we cannot think of it and its staff in the 
same intimate terms ; but the great flood of scientific 
endeavour is now too vast to allow us to think of the 
individuals who move in it. There are still the giants 
whose heads stand out above the surface, but for the 
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rest personal details and controversies and habits of 


life are not our affair. We have to survey the opera- 
tions of an immense army and to do what we can to 
see that the troops are properly trained and led in 
the right direction. 

It is, and has always been, the prerogative of the 
universities to train them. Since the Dark Ages they 
have been training the most intelligent young people 
in the way best calculated to make them valuable 
members of the society they would be in. As Europe 
became more peaceful and prosperous the medieval 
rulers needed the priests, and lawyers, and clerks and 
doctors to carry on the growing business of the State. 
So there was a great expansion of universities ; but 
now we have to face another great expansion of 
universities. Every country demands an increased 
supply of the men who were needed in the past, with 
the right training to fit them for the government, 
administration and trading concerns of the State, 
and there is the further demand for a new class, for 
the scientists who are needed to give us the full 
benefits of our new knowledge of the natural world 
and of our power to control its forces. 

The popular demand is for the engineers and 
technologists, for they are thought to be the people 
who will bring immediate prosperity to their respective 
countries and may succeed in planting the flag of our 
advanced civilization on planets fortunate enough ‘to 
be within range. For the medical sciences there is 
the popular demand for the new discoveries to check 
some present menace to our health or to prolong our 
lives beyond five score years. 

Perhaps there is no great danger that scientists 
will be much influenced by demands of this kind. 
They have been, and will be, trained in universities 
by academic scientists who are aware of the need to 
study the foundations as well as to put up the 
temporary and showy buildings. 

I think, however, that there is a danger that comes 
from the great expansion of scientific effort at the 
university-level, though it may not be as urgent in 
the United States as in countries where it is less well 
supported by private endowment. The danger I 
have in mind is that the centralized authority of 
the State will come to play a greater and greater part 
in directing the nature of university training and that 
it is likely to canalize the direction of advance in 
science ; to interfere to some extent with the pro- 
cesses by which we arrive at some entirely new outlook 
on outstanding problems. 

When the philosophers met at Gresham College the 
world of Nature was all before them and they were 
just as ready to hear a discourse on the ventilation of 
mines as one on the elasticity of air. The majority 
of them were gentlemen of independent means who 
could please themselves ; and the practical problems, 
about clocks and navigation and agriculture, gave 
them new ideas on scientific principles as well as on 
useful arts. But the advance slowed up in the eight- 
eenth century after its promising start in the 
seventeenth, and an important factor in slowing it 
must have been the lack of organized teaching in 
science and of the students to be trained from the 
outset for a scientific career. 

Our universities collect the ablest students: these 
teach one another unofficially and they are, or should 
be, taught more officially by senior members of the 
university who are themselves engaged in research 
or have at least a close acquaintance with the research 
of their colleagues. In an atmosphere of intellectual 


ferment when investigations may be going on next 
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door in a wide range of science the student has to 
make his own choice, and it is at this stage in his 
seientific career (if he is to have one) that the seeds 
may be sown which will germinate later in new ideas, 
and in these days there is so much ground to cover 
that only the most self-reliant student can do without 
the stimulus of varied and active research depart- 
ments close at hand and of the contacts with the men 
who are at work in them. 

The difficulty is that active research departments 
have become far more expensive. If they are beyond 
’ the means of a university, whoever has to pay for 
them may feel that results will come quicker if the 
research is concentrated in a few well-equipped 
institutes where it can go on uninterruptedly. The 
obligation to teach can be a most unwelcome inter- 
ruption, and there are all kinds of minor distractions 
which universities impose on their staffs. The result 
has been that there is now a tendency to weaken the 
research activities of universities by removing some 
of the most fruitful fields of investigation to special 
institutes with little or no duty to teach. 

The tendency is not peculiar to science: in Great 
Britain now there are institutes of historical, legal 
and economic research as well as those for medical, 
agricultural and physical sciences, some loosely tied 
to the university structure and some quite outside it. 
I must tread carefully on such controversial ground 
for I know what a valuable part such bodies are 
playing in this and other countries. I know that the 
policy of the U.S.S.R. has been to develop scientific 
research institutes under the Academy of Sciences, 
and that the size and cost of similar establishments 
elsewhere would be too great to contemplate on any- 
Yet I feel sure that we 


thing but a national basis. 
ought to resist too much paring down of our responsi- 
bilities for advancing knowledge within the frame- 


work of university courses. The most fruitful 
research team will suffer in the long run if it has no 
direct contact with the student body, and, quite 
apart from the claims of scientific research, the 
student’s general education will suffer if it can never 
come near the growing points of knowledge. 

It is, of course, arguable that no line of research 
lives for ever and that it may be better for a research 
team to have the immediate advantages of freedom 
from university duties in spite of the long-range 
disadvantages. Many of these can be avoided if 
there is good-will on both sides ; but it is easy for 
ill-will to arise when the two sides work under such 
different conditions, when the full-time research man 
at an institute can envy the amenities of a university 
and a busy university lecturer can find no time to 
get on with his research. Regrets and envies of this 
kind are in fact the long-term disadvantage of the 
separation, for those who have the teaching of students 
at university-level will lose their enthusiasm if their 
best products are lured away to research institutes 
and those who work there may be disheartened if 
there is no audience to be interested in their 
discoveries. 

It is no doubt inevitable that certain lines of 
research should be developed away from universities 
and class-rooms ; many in the field of technology and 
applied science are more the concern of the State and 
of industry and would only absorb valuable space 
and administrative effort in a university setting. 
The important point is that universities should be 
able to maintain active research departments in the 
kind of science which deals with general principles 
and offers no immediate profit to society. It is impor- 
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tant because such research will give life to the teaching 
and even more because special research institutes 
must work on special problems. An enlightened 
government or an enlightened director of a research 
institute may encourage work on fundamental long. 
range problems, and may sometimes provide a refuge 
for the occasional genius who cannot teach and wants 
to be left alone. But universities do not need to be 
specially enlightened to encourage unprofitable 
research. We are prepared to applaud our colleagues 
who spend their talents on the lesser authors of 
antiquity, and so academic scientists need not excuse 
themselves if they prefer to neglect the fashionable 
lines of advance. There is always a need for the kind 
of scientific research which is dictated by pure 
curiosity, for a fresh outlook will come more 
readily when there is no obvious target to fix its 
direction. 

In saying that I confess that I am thinking of a 
friend of mine who has put new life into an important 
branch of science by never allowing his official 
duties in any position to influence the kind of work 
he should do in it. Most of us lack his detachment ; 
but in a university we should have no scruples about 
deciding what line of research to follow, whereas 
away from one the line might be prescribed by 
authority. 

Arguments like these, about the best conditions for 
promoting new developments in science, are bound to 
be coloured by personal experience. I have worked 
all my life in a university and should have been 
sorry to have moved to an institute with a more 
specific programme ; but I have to admit that many 
of my colleagues have tried it and that their work 
and contentment have been none the worse. In the 
end we have to remember that one of the most com- 
pelling reasons for choosing a career in science is 
not that it will increase our comfort but that it leads 
into unknown territory. It is an adventure and a 
challenge to the human intellect, and part of its 
attraction is that we cannot tell how it will go. It 
is easy to predict that we shall soon know more about 
the molecular configuration of the viruses or the 
temperature of the fixed stars; but there is no 
knowing what will be found out. We cannot really 
predict what will be the growing-points twenty years 
hence, so we cannot predict what will be the best 
conditions for their growth. We have to plan; but 
the chief consideration in our planning should be 
that it is flexible enough to meet unpredictable 
demands. 

The Rockefeller Institute has had many years as & 
research establishment of just the sort I have been 
attacking. Its success outside the university frame- 
work shows how little one can generalize and how 
much we should miss if we were tied to a single 
pattern. It has made great advances in medical 
science when it was not a university, when it was like 
Gresham College, with famous scientists to improve 
natural knowledge but without the full-time students 
to carry on the torch. Now there are students and 
courses and degrees, the younger generation to be 
allowed to see the advance going on and trained to 
take part in it. 

In our crowded universities we might be pardoned 
for envying such ideal conditions, such handsome 
buildings, generous benefactors and enterprising 
direction, but we cannot feel anything but pride at 
the thought that our family has been enlarged by 
such a precocious, well-connected infant. 
founders of our line, the doctors of Salerno, the 
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lawyers of Bologna and the theologians of Paris if 
they were here now might compare themselves to the 
old woman who lived in a shoe and had so many 
children that she did not know what to do; but they 
would all agree that this particular child cannot fail 
to be a credit to the family. It is a university to 
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lead the way into the unexplored territories of 


science. The Rockefeller Institute, from now on, 
will make the best of both worlds, the world of research 
and of advanced teaching. We can all be glad that 
it has taken this step, which will ensure that its 
future will not be less productive than its past. 


STRUCTURE OF POLIOMYELITIS VIRUS 


By J. T. FINCH and Dr. A. KLUG 


Birkbeck College Crystallography Laboratory (University of London), 
Torrington Square, London, W.C.|I 


N this communication we report the first stages 

of an X-ray diffraction study of crystals of polio- 
myelitis virus'-*; this work is a continuation of 
investigations begun by the late Dr. Rosalind Frank- 
lin, to whose memory we wish to dedicate this com- 
munication. There are two main results. First, we 
have determined the crystal structure and find that 
the packing of the virus particles is somewhat different 
from that suggested by the earlier workers*. The 
second, and more important, conclusion concerns the 
substructure of the individual virus particle. Here we 
have been able to determine the number and type of 
arrangement of protein sub-units in the particle. This 
result relates to some general principles of virus struc- 
ture put forward by Crick and Watson‘.® and to pre- 
vious work by Caspar® and ourselves’® on the struc- 
ture of some small plant viruses. It suggests that there 
may be another general principle to be added to those 
already proposed. Furthermore, the X-ray photo- 
graphs obtained in the course of the work show, for the 
first time in a virus investigation, a degree of crystal 
perfection comparable with that of the lower molecu- 
lar weight crystalline proteins, and we have therefore 
also described the improvements in experimental 
technique which, we believe, made this possible. 

The crystallization of the MHF-1 strain of Type 2 
poliomyelitis virus from ultra-centrifuge pellets was 
first reported by Schaffer and Schwerdt! at Berkeley 
in 1955, and within a short time small crystals of 
Types 1 and 3 virus were also obtained by the same 
technique*. These crystallizations are indicative of 
the high degree of homogeneity achieved in the virus 
preparations. The methods of purification and the 
properties of the virus have recently been fully 
reviewed by Schaffer and Schwerdt?.!°. 

Later, the crystallization of Type 1 (Mahoney 
strain) poliovirus directly from a highly purified 
suspension during a year’s storage at 4° C. was 
reported*. A number of crystals were sufficiently 
large and well-formed for preliminary crystallo- 
graphic studies to be made on them by the Berkeley 
workers. A batch of these crystals, ranging from 
0-1 to 0-2 mm. in diameter, were kindly given by 
Drs. Schaffer and Schwerdt in 1957 to Dr. Franklin 
for investigation by X-ray crystallographic methods. 


Experimental 


The crystals were sent to us in phosphate-saline 
mother liquor (0-11 M sodium chloride, 0-01 M 
disodium hydrogen phosphate, pH c. 7-3) contained 
in @ small spettmen tube. They clearly had the same 
appearance as originally described by Steere and 


Schaffer®, but many were rather ill-formed, so that it 
was not generally possible to identify all the axes of a 
crystal with any certainty except by X-ray photo- 
graphs. The larger crystals showed weak birefring- 
ence when viewed in a polarizing microscope; the 
crystals cannot therefore belong to the cubic system. 
The crystal morphology and its relation to the unit 
cell will be discussed elsewhere"?. 

The crystals are very fragile and tend to stick to 
the walls of the specimen tube, but by gentle nudging 
with the tip of a capillary tube it is possible to prise 
them loose without much mechanical damage and 
draw them into the capillary with a drop of mother 
liquor. The first attempts to mount them in this way 
in glass capillary tubes were made by Dr. Franklin. 
They proved unsuccessful, the crystals disappearing 
rapidly after being introduced into the tubes. Dr. 
Franklin attributed this to the alkaline reaction of the 
glass and accordingly tried acid-treated tubes. The 
crystals s2emed a little less unstable but still did not 
last long enough for an‘ X-ray photograph to be 
taken. 

In view of this experience, when the problem was 
taken up by us after Dr. Franklin’s death last year, 
it was decided to try some neutral material {for 
mounting the crystals. We have found quartz to be 
suitable. Thin-walled capillaries of fused quartz 
are available commercially, and we have found that 
the crystals will last in these tubes (sealed with wax) 
without any apparent deterioration for periods of at 
least two months. 

This difference in stability of the crystals when in 
contact with glass and with quartz does seem to 
show that glass is alkaline enough to affect the stability 
of a crystal in the small drop of mother liquor in 
which it is mounted. We doubt very much that 
this phenomenon is peculiar to poliomyelitis virus ; 
the reason why this difficulty does not seem to have 
been encountered in other investigations of virus 
crystals is presumably that these were grown, in 
most cases, from fairly strong salt solutions. On the 
other hand, the poliovirus crystals were grown in 
dilute salt solution, and our experience suggests that 
quartz might be generally useful in mounting other 
protein or virus crystals which tend to be unstable. 

The second improvement in technique which we 
believe enabled us to obtain good X-ray photographs 
stemmed from the observation of Steere and Schaffer* 
that the crystals tended to lose their sharpness after 
an hour or more at room temperature. The crystals 


have therefore always been kept cold. They were 
stored and mounted in a cold room at 5° C., and, 
during the X-ray exposure, a jet of dry air, cooled 
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crystals quite generally show crystal 
reflexions down to spacings of about 
2A. (Fig. 1), indicating a remark. 
ably greater degree of crystal per. 
fection than has beeu hitherto re. 
ported for any other virus crystal, 
The reasons for this are probably 

. three-fold: first, the original virus 
preparation was very highly puwi- 
fied?; second, the crystals were 
not only grown in the cold® but also 
never allowed to warm up above 
5° C. except possibly for very short 
times during transfer to the X-ray 
camera; third, the crystals were 
not brought into contact with any 
foreign surface except the inactive 
quartz. In the early stages of 
the investigation, a rather high 
proportion of the photographs 
showed severe crystal disorder. This 
we now attribute to mechanical 
damage, which can be minimized 
by careful handling. 

From measurements on the ‘still’ 
photographs, the approximate crystal 
lattice and cell dimensions were 
deduced. Thereafter, precession 
photographs were taken with the 
X-ray beam parallel to the more 
important crystallographic directions 

Fig. 1. X-ray diffraction photograph (‘still’) of a crystal of poliomyelitis virus to determine the crystal symmetry 
taken with the X-ray beam approximately parallel to the [110] Gootion. and space group. One of these photo- 


The perfection of the crystal is shown by the presence of reflexions down to : “ ~ 
spacings of 2 A. graphs is reproduced in Fig. 2. 


to about 5° C., was directed on to the crystal in the 
capillary tube. 
There are, however, a number of difficulties 
attendant on this simple procedure. It is almost 
impossible to maintain the crystal at exactly the same 
temperature as its surroundings in the capillary tube. 
If the crystal is not in the coldest part of the tube, the 
water in it distils out and the crystal dries and 
tends to shatter. This will happen even when the 
crystal] lies directly in the direction of the jet but is 
on the lee side from it. It is therefore essential, if the 
temperature cannot bé maintained strictly uniform 
throughout the capillary tube for long periods of 
time, that the crystal be made colder than its sur- 
roundings. In this case, however, water from any 
traces of mother liquor present in other parts of the 
tube will collect around the crystal and dissolve it. 
This can be avoided during mounting by expelling 
the bulk of any excess mother liquor in the tube and 
mopping up all but a thin film round the crystal with 
thin strips of filter paper. With these precautions 
it was possible to keep crystals cold during X-ray 
exposures of 20 hours or more. 
The X-ray photographs were taken with copper 
radiation from a rotating-anode tube at the Royal 
Institution, London. Each crystal will only survive 
a limited number of hours of exposure to X-rays, and 
can thus, in general, be used for one photograph 
only. At the beginning of the investigation, there- 
fore, we proceeded by way of ‘still’ photographs’, 
for which the crystal is held stationary. These give Fig. 2. P sein astuaiinnl att 0 pibiinediiite virus vail 
the greatest relative amount of information on a taken with the X-ray beam approximately parallel to the a axis, 
single exposure, and enable the axes of the crystallo- pe eee space within the limits af ped axis to show more o 
graphic unit cell to be picked out on poorly developed The orientations of the 5-, 3- and 2-fold axes of the icosah mal 
crystals with the minimum exposure to radiation. point grow a lie in sue Socal roety rent attic’ etcxions 
The ‘stills’ we have obtained from the poliovirus tend to be strongest in these directions 
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Crystal Structure 


The axes of the unit cell are at right angles to one 
another and their lengths (accurate to 1 per cent) are 
a= 353 A., b = 378 A., c = 320 A. ‘The crystal 
symmetry is orthorhombic out to the limits of the 
precession photographs taken so far (0-12 A.-!). We 
cannot rule out the possibility that more data would 
show small departures from this and that the true 
crystal symmetry is monoclinic or even triclinic. 
The discussion that follows must therefore only be 
regarded as applying to a resolution of 8 A. 

At low angles of scattering (down to spacings of 
about 20 A.) reflexions with h +k +1 = odd are 
absent or very weak, indicating a pseudo body- 
centring. Since there is not room for more than two 
virus particles of diameter about 300 A. in the unit 
cell, the pseudo-space group is [222, with two virus 
particles in the cell, one at the corners and one at or 
near the centre in the same or nearly the same 
orientation. There is also the further implication 
that each particle has three two-fold rotation axes 
parallel to the crystals axes, that is, it has at least the 
symmetry of the point-group 222, and hence a mini- 
mum of four sub-units. 

The general occurrence of Aki reflexions at higher 
angles, however, means that there is a departure from 
a true body-centred lattice involving either a slight 
displacement or rotation of the virus particles. The 
only possible primitive orthorhombic space-group 
which permits an approximate body-centred arrange- 
ment of this kind is of the type P2,2,2. Here the 
virus particle is required to have at least one two-fold 
axis which lies along the dyad of the space group. 
However, we have not been able to determine whether 
the latter direction is parallel to the a, 6 or c axis of 
thée‘unit cell, since nove of the h00, 0k0 or 001 reflexions 
observed is of odd index. Furthermore, from the 
fact that there are also no systematic absences in 
the 0kl, h0l or hkO reflexions at high angles, it is 
possible to show that the departure from true body- 
centring probably involves a combination of both 
displacement and rotation. Rough calculations show 
that a rotation of the particles through a few degrees 
about the crystal dyad and a displacement of only 
10 A. in a direction parallel to the dyad would be 
enough to produce the observed departures from body- 
centring. We have not, as yet, been able to speclfy 
the crystal structure more closely. 

_ The packing of the virus particles in the crystal is 
illustrated in Fig. 3. The balls representing the two 
virus particles in the unit cell have been painted 
differently to indicate that those of one colour do not 
lie exactly at the body-centres of the lattice formed 
by those of the other colour. If the small deviations 
concerned are ignored, each virus particle is sur- 
rounded by 8 others at a centre-to-centre distance of 
304 A. This distance is, as one would expect, a little 
larger than the value of the diameter (273 A.) obtained 
from electron micrographs of the frozen-dried 
particle’® and of replicas of frozen crystalline arrays’. 
In the (110) and (110) planes of the crystal the virus 
particles pack very nearly in a regular hexagonal 
array (see Fig. 3), but successive layers are not close- 
packed together, being displaced over each other so 
that each particle lies almost symmetrically over a 
pair in the layer below. Since the sides of the unit 
cell are not very different from their mean value of 
350 A., the crystal lattice may be thought of as 
pseudo-cubic. Indeed, the departures from a body- 
centred cubic arrangement are relatively so small as 


NATURE 


Fig. 8. Model of the crystal structure. The unit cell is ortho- 
rhombic with -lengths a = 853 A., b = 878 A., ¢ = 820A. 
icles are represented a ping-pong balls. The 

into two crystallographically distinct sets (see text), 

the model by different colours. The sloping face in 

the model is the (110) plane in which the ———_ are very nearly 
close-packed. It is faces of this form that are most strongly 

developed in the crystals 


to make one wonder why the crystal symmetry is 
not strictly cubic, in view of the fact, discussed 
below, that the virus particle itself possesses cubic 
point-group symmetry. We hope to return to this 
problem at a later date. 

The structure we have deduced from the X-ray 
photographs is thus different from the face-centred 
cubic arrangement proposed by Steere and Schaffer‘. 
Their conclusion was, however, based on two sets of 
measurements on crystals that had undergone some 
special treatment. First, interfacial angles were 
measured on crystals that had been previously 
embedded in clear cement. A distortion of the 
crystal structure is quite likely in these circum- 
stances. (The crystals sent to us were too small for 
external crystallographic measurements. It is, 
however, possible to relate the form development 
of the wet crystals to the internal structure. This 
will be discussed elsewhere'!.) Their second set of 
observations was made with the electron microscope 
on replicas of crystals that had been previously 
frozen very rapidly. The beautiful electron micro- 
graphs obtained show quite clearly a face-centred- 
cubic packing of the particles. There is, however, 
no compelling reason for believing that the structure 
of the wet crystals is necessarily preserved during 
the freezing, no matter how rapid. Indeed, one might 
well expect the contrary to happen, even though the 
virus particles themselves may not suffer any appre- 
ciable damage by the technique. At this point we 
might remark that electron microscopy has not, in 
general, given results on the crystal structure of 
viruses that agree with those deduced from X-ray 
measurements on the wet crystals. There are at 
least two other instances, besides that of poliovirus, 
where the wet crystal structure has been established 
as body-centred cubic**; electron micrographs'*.15, 
however, invariably show close-packed structures. 
We see no paradox in this. Only a relatively small 
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§ Fig. 4. Schematic model of a likely arrangement of the sixty 
identical structural sub-units forming the protein ‘shell’ of the 
poliovirus particle = ref. 8). The actual appearance of the 
virus cle will nd on the precise arrangement adopted 
and on the shape of the sub-unit, which are not known. The 

diameter of a sub-unit is about 60-65 A. 


shear and shrinkage is required to convert a body- 
centred cubic structure to a close-packed one, and it 
seems quite reasonable that, under the special 
treatment of the specimens necessary for electron 
microscopy (drying, freezing, etc.), the particles should 
re-arrange themselves to reach the close-packed 
structure, as the wet structure (held together by 
relatively weak forces) collapses or is distorted. 


Structure of the Virus Particle 


Some years ago, Crick and Watson‘ suggested that 
all small viruses are built up on a framework of 
protein sub-units packed together in a regular manner. 
This hypothesis provides a simple explanation of the 
regular shape of small virus particles, and was based 
largely on the example of the rod-shaped tobacco 
mosaic virus. For the ‘spherical’ viruses, Crick and 
Watson showed that there were only a limited number 
of ways in which a round particle could be con- 
structed out of sub-units and that these all involved 
cubic point-group symmetry. Three types are 
possible, namely, tetrahedral (23), octahedral (432) 
and icosahedral (532) symmetry, which respectively 
imply 12, 24 and 60 identical sub-units. Under the 
operations of the point-group the sub-units are 
arranged with their centres on the surface of a sphere, 
but the appearance of the whole will, in general, be 
polyhedral. 

Shortly afterwards, X-ray crystallographic studies 
on tomato bushy stunt* and turnip yellow mosaic 
virus’.*, two small plant viruses containing ribonucleic 
acid, showed that both particles were cubic in sym- 
metry and, in particular, possessed the characteristics 
of icosahedral symmetry. In the case of turnip 
yellow mosaic virus, it was possible, for various 
reasons, to show that the whole virus particle did 
not have this symmetry, and it was suggested that 
the icosahedral symmetry applied only to the protein 
component of the virus. As a result of more recent 
work?* on crystals of the nucleic acid-free top com- 
ponent*’, we have been able to confirm this and to 
show that the ribonucleic acid of the virus has a 
lesser symmetry (probably tetrahedral) involving a 
smaller number of sub-units. (This reference to sub- 
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units in the ribonucleic acid must be interpreted only 
in a configurational or geometrical sense, not 
chemical.) 

In the case of these two plant viruses it was 
implied directly by the crystal symmetry that the 
particle (point-group) symmetry must be at least 
tetrahedral and so have a multiple of twelve sub. 
units. No such deduction is possible for poliomye. 
litis virus; the crystal is orthorhombic and, as we 
have seen above, this implies only that the virus 
particle has at least two (or perhaps four) sub. 
units. 

However, the distributions of intensity on the 
precession photographs of the poliovirus crystals 
show immediate evidence of a higher particle sym- 
metry. As in the case of the two plant viruses just 
mentioned, there is a concentration of reflexions of 
high intensity (‘spikes’) in directions bearing the same 
relation to each other as the symmetry axes of the 
icosahedral point-group 532 (Fig. 2). These must 
correspond to the transform of the individual virus 
particle. Because the symmetry of the crystal lattice 
(222) is lower than that of the individual virus 
particles (532), the actual symmetry of the transform 
of a single particle tends to be obscured because it is 
sampled on reciprocal lattice points which do not 
have the same symmetry relations as the transform. 
The examination of five crystallographically inde- 
pendent precession photographs leaves one in no 
doubt, however, about the underlying symmetry of 
the transforms. The overall distribution of intensity 
in the zero-layers of the reciprocal lattice perpendicu- 
lar to each of the crystal axes should be the same, and 
this is exactly what is observed in the corresponding 
precession photographs. 

The precession photographs also show that the 
orientation of the particles in the crystal lattice is 
such that they have two-fold axes lying parallel 
to the crystallographic a, b and c axes. The two virus 
particles in the unit cell both have the same or very 
nearly the same orientation since there is only one 
set of spikes. In this respect the structure resembles 
that of the crystal of bushy stunt virus®, rather than 
that of turnip yellow mosaic virus in which particles 
are present in two orientations at 90° to each other’. 
The crystallographic arguments given earlier require, 
however, that the two particles be in slightly different 
orientations, and as a consequence one might expect 
some ‘blurring’ or weakening of the spikes. There 
does not appear to be any such tendency out 
to the present limits of observation, namely, 
spacings of 8 A., but to this resolution a feature 
as broadly defined as a ‘spike’ of intensity 8 
not likely to be sensitive to slight differences of 
orientation. 

The possession by the virus particles of icosahedral 
symmetry means that it is built up out of 60 struc- 
turally equivalent asymmetric units, but the sym- 
metry alone does not tell us what the actual arrange- 
ment of these sub-units is. Some information on this 
point can be obtained by measurements of the average 
period of a slow modulation of intensity that 1 
clearly discernible in the precession photographs 
along the ‘spike’ directions. This corresponds roughly 
to the centre-to-centre distance between sub-units 
in the particle. We find this distance to be 60-65 A. 
and if the sub-units are roughly globular, this value 
should give their approximate diameter. If 
protein sub-units of this size are packed together 
fairly close contact, in a way consistent with icos® 
hedral symmetry, they will form a roughly spherical 
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shell of diameter about 300 A., close to that of the 
poliovirus particle. Hence, on the general grounds 
set forward by Crick and Watson‘ and by analogy 
with the established case of turnip yellow mosaic 
virus, we believe that the protein component of polio- 
virus is the seat of the icosahedral symmetry. 

We still do not know the precise way in which the 
sub-units are arranged to form the spherical shell of 
the virus. The ratio of the particle size to the distance 
between sub-units indicates that the sub-units in the 
shell are packed very compactly so that each has at 
least four, and probably five, neighbours in contact 
with it. The arrangement is therefore probably very 
similar to that which we have suggested for turnip 
yellow mosaic virus*, and which is reproduced in 
Fig. 4. The actual appearance of the particle will, 
however, also depend on the shape of the sub-unit, 
which is not known at present. In electron micro- 
graphs, which are of high quality but in which the 
resolution is still not enough to show individual 
sub-units, the virus particle will tend to look poly- 
hedral, as is observed. 
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Discussion 


The above evidence indicates that the poliomyelitis 
virus is built up out of sixty identical or structurslly 
very similar protein sub-units. We have added the 
qualification that the sub-units may not be quite 
identical since smal! differences of, say, one or two 
amino-acids between the protein molecules in @ virus 
cannot be detected by the X-ray method. The 
molecular weight of the virus has been reported as 
6-7 million®, but in the absence of diffusion measure- 
ments this figure must be regarded as only approxi- 
mate. Of this, about 25-30 per cent is ribonucleic 
acid®."", so that the molecular weight of the protein 
part of the asymmetric unit is about 80,000. The 
point-group symmetry does not preclude the possi- 
bility of each structural (crystallographic) unit being 
further subdivided into a number of smaller chemical 
sub-units ; but there is as yet no chemical evidence 
at all on protein sub-structure in poliovirus. Our 
results indicate that a search for such evidence, on the 
lines already applied to the plant viruses'*, would be 
desirable. 

Our results may further help to clarify the under- 
standing of the various components observed? in 
density-gradient ultra-centrifugation of fluid from 
tissue cultures infected with poliomyelitis virus. It 
seems very likely, by analogy with the top com- 
ponent"? of turnip yellow mosaic virus, that the slower 
sedimenting, non-infectious, nucleic-acid free fraction 
designated*.!° C consists simply of empty protein 
‘shells’. This would explain why electron micro- 
graphs of fraction C show particles of about the same 
size but flatter and less sharply delineated’® than the 
intact virus particles of fraction D. The still lighter 
fraction B, which is immunologically related to C, very 
likely consists of groups of sub-units. Likewise, it is 
very probable that the ‘soluble antigens’? that have 
been observed in extracts from infected cells are 
related to the protein sub-units used in building the 
complete infective virus. As for the ‘small infectious 
component’ the existence of which has been claimed 
by some workers, it is difficult to see how such 
particles could be consistent with the model of virus 
structure described in this paper. There is no 
Suggestion at all from the present work that polio- 
myelitis virus is made up of more than one nucleo- 
protein unit. 
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From the present X-ray evidence we can conclude 
nothing directly about the structure of the ribonucleic 
acid of the virus. There is very little on our photo- 
graphs that is characteristic of its presence in relatively 
large quantity in the virus. Again, this is quite 
analogous to the case of turnip yellow mosaic virus, 
which also contains a relatively high proportion of 
nucleic acid and the resemblance of which to polio- 
virus in its structural organization has already been 
made clear. By the same analogy, we would expect the 
ribonucleic acid to be located within the shell formed 
by the protein, and this is in accord with some 
electron micrographs** showing a dense core in the 
virus. Further X-ray work on the structure of the 
virus would be greatly facilitated by the separation 
(or preparation) and subsequent crystallization of 
protein shells free of nucleic acid (fraction C). We 
would expect the wider considerations of the problem 
of the structure of ribonucleic acid in ribonucleopro- 
teins, which we have discussed elsewhere*, to apply 
to poliomyelitis virus as well. 


General Remarks on Virus Structure 


Enough has now been said to show that the struc- 
ture of poliomyelitis virus is of the same kind as that 
of the small, ‘spherical’ plant viruses, and bears out 
the expectation of Crick and Watson‘ that this would 
be the case. It is probably safe to conclude that there 
are no structural grounds for distinguishing the 
smaller animal viruses from the plant viruses. 

What could not, however, have been readily foreseen 
is that the three small viruses the structure types of 
which have so far been established should all turn out 
to use only one type of cubic symmetry, the icosahed- 
ral, in building their protein shells. This raises the 
question whether there is not another general prin- 
ciple at work here, and one to be added to those also 
already put forward by Crick and Watson. We hope 
to discuss this in more detail elsewhere!*, but the 
argument may be summarized as follows. The 
reasons why one might expect small viruses to be made 
up of sub-units have been clearly stated in Crick and 
Watson’s second paper®. The infectivity of a virus 
is carried by its ribonucleic acid, and the function of 
the protein part is presumably to provide some form 
of packaging for the former. The ribonucleic acid 
controls the formation of the virus protein, and, on 
current views"! of protein synthesis, there is a ‘coding’ 
of the sequence of amino-acids by that of the nucleo- 
tides. There will thus be a limit to the lengths of 
polypeptide chain produced, set by the ribonucleic 
acid content of the virus, and the virus protein will 
be constructed from a relatively large number of 
small protein molecules. This is where a connexion 
can be made with the observed icosahedral sym- 
metry, since, of all.the types of cubic symmetry, it 
allows the use of the greatest possible number, namely, 
60, of identical structural units in building the frame- 
work. Each structural unit may contain in turn a 
number of chemical sub-units, although these smaller 
units would not be structurally equivalent since their 
environments would not all be identical. One might 
therefore expect the number of sub-units in a small 
spherical virus to be 60 or a multiple of 60. 

The above argument for the occurrence of icosahed- 
ral symmetry in virus structures is essentially from 
a principle of economy. Another, but perhaps sub- 
sidiary, reason why the icosahedral might be preferred 
above the other two types of cubic symmetry is that 
it probably also gives the most efficient packing of 
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sub-units in a virus particle. If it is required to 
‘enclose’ @ space around a point by a symmetrical 
arrangement of small identical units, it can be shown 
that the ratio of the number of sub-units to the 
volume enclosed is smallest if icosahedral symmetry 
is employed. This is very probably the principle 
involved in the construction of Tipula iridescent 
virus, which has been shown by Williams and Smith* 
to have the shape of a regular icosahedron of diameter 
about 1,300 A. The particle is so large that it is 
rather like a little crystal, in having plane faces, 
for example. However, the fact that these faces are 
related by five-fold axes, which cannot exist in a true 
space-filling crystal, shows that some features of a 
point-group structure must be involved. 
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tion, and the members of that laboratory for their 
generous assistance. This work was supported by a 
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OBITUARIES 


Mr. A. G. M. Michell, F.R.S. 


RARELY in the history of engineering can theory 
and practice have been so happily blended as in the 
person of Anthony George Maldon Michell, the 
inventor of the thrust bearing, who died in Melbourne, 
Australia, on February 17. 

Michell was born in London on June 21, 1870, 
while his parents were on a visit from Australia, to 
which country they had emigrated seventeen years 
earlier. His early schooling was in Victoria, but at 
the age of fourteen he accompanied his brother, 
J. H. Michell (later professor of mathematics in the 
University of Melbourne, one of the most dis- 
tinguished applied mathematicians of his day), to 
Cambridge, and attended some University lectures 
there after leaving school. Returning to Melbourne, 
he graduated in civil engineering at the University 
in 1895. 

Michell’s early experience, which was in hydraulic 
engineering, led in 1901 to the invention of the 
Smith-—Michell regenerative centrifugal pump, in 
which much of the energy of the fluid as it leaves the 
rotor is used to help drive the pump, thereby in- 
creasing its efficiency. Two years later he opened his 
own office, specializing as a consultant, particularly 
on hydro-electric schemes; the installation at the 
Mount Lyell copper mines in Tasmania was the first 
scheme of this kind in Australia. 

At this time the most serious difficulty in the 
design of water turbines lay in the bearings. No 


satisfactory way of designing bearings to take an 
axial thrust along the shaft had been discovered, and 
they gave continual trouble. Michell made a special 
study of the theory of film lubrication which Osborne 
Reynolds had published in 1886, and hit on the 
novel yet simple idea of using pivoted bearing pads 
which would automatically tilt and provide the 
tapered film of lubricant essential in Reynolds’s 
theory. At the same time (1905) in a remarkable 
paper he extended the theory to the case of the 
tilting pad. Few major inventions have provided so 
complete a solution of an apparently insoluble 
engineering problem : certainly in none can advanced 
mathematics and engineering practice have been 
more closely linked. 

The thrust bearing was of revolutionary importance 
not only for water turbines but also for marine pro- 
pulsion. Shafts could now be designed to transmit 
twenty or thirty times the horse-power previously 
attainable, and much larger ships than hitherto 
became possible. But although it was soon being 
widely used in Australian installations, the British 
Admiralty could not be persuaded to adopt it until 
about 1913 one was accepted by the German firm of 
Krupp. Thereafter its use rapidly spread in Britain 
and elsewhere. 

In 1911 Michell successfully applied the tilting- 
pad principle to the construction of journal bearings, 
and a further most important and ingenious applica- 
tion appeared some years later in his crankless engine, 
in which. reciprocating motion is converted to rotary 
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motion, and vice versa, by means of tilting pads 
against &@ swash plate. Like the original thrust 
hearing, these inventions are notable for their sim- 
plicity. The crankless engine has never been widely 
adopted, although it was successful in Australia in 
various applications. 

Among Michell’s other inventions were an impulse 
turbine, a viscometer, the Michell—-Seggel floating pad 
bearing (jointly with his associate, A. J. Seggel) and 
hydraulic transmission gear. In 1904 he published in 
the Philosophical Magazine a most original paper on 
the optimum design of framed structures, the im- 
portance of which is only now being recognized by 
aircraft engineers. He was also the author of 
“Lubrication”? and part-author of “The Mechanics of 
Fluids’—both standard works. He wrote as he 
thought, with precision, clarity and deep mathe- 
matical insight. In 1934 he was elected a Fellow of 
the Royal Society in the year in which he was first 
proposed, and in 1943 the Institution of Mechanical 
Engineers bestowed on him its highest honour, the 
award of the James Watt International Medal. 

Michell never married. Always a modest, retiring 
man, living quietly with his brother, he was rarely 
before the public eye. Those who knew him intimately 
speak of his keen sense of humour, his love of French 
literature and his wide knowledge of the Australian 
flora and fauna, which he cultivated at his country 
home in Victoria. With his passing Australia has 
lost its most distinguished engineer. 

A. J. Francis 
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Mr. William Hanson, M.B.E. 


In the recent death, at a comparatively early age, 
of Mr. William Ralph Hanson, head of the London 
Forecasting Office, the Meteorological Office has sus- 
tained the loss of one of its most devoted servants. 

Born in 1904 into a family of teachers, he too 
spent some years in that profession, having graduated 
B.Sc. in geography while at Birkbeck College ; but 
in 1987 he entered the Scientific Civil Service as a 
forecaster, serving at various stations in the south of 
England. He received his commission in the 
R.A.F.V.R. shortly before the Second World War 
but did not go into uniform until 1941. Associated 
intimately with the organization of meteorological 


The Queen’s Birthday Honours List 


THE following names of scientists and others 
associated with scientific work appear in the Queen’s 
birthday honours list : 

Baronet: Prof. R. Platt, professor of medicine, 
University of Manchester, and president, Royal 
College of Physicians. 

K.B.E.: Sir David Brunt, emeritus professor of 
meteorology, University of London, for services in 
the organization of the International Geophysical 
Year; Prof. C. A. Cotton, emeritus professor of 
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geology, Victoria University College, Wellington, 
New Zealand. 

Knights Bachelor : Prof. D: Baird, regius professor 
of midwifery and gynecology, University of Aber- 
deen; L. C. Gamage, chairman ‘and ing 
director, General Electric Co., Ltd. ; Prof. W. V. D. 
Hodge, Lowndean professor of astronorny and geo- 
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services in the North African and Italian campaigns, 
he quickly reached the rank of squadron leader. It 
was during this period that he first showed his 
unusual skill in negotiation and, in satisfying not 
only the Royal Air Force, the Navy and the Army, 
but also the Americans in these theatres of war, he 
performed outstanding services and was mentioned 
in dispatches. 

After the War he accepted an interesting appoint- 
ment in New Zealand, and while there had his early 
experience of the routine broadcasting of ‘weather’, 
experience which was iater to be of such value at 
home. In 1951 he was posted to Habbaniya, returning 
to Britain in 1953 to take over control of the London 
Forecasting Office, where until his death on May 3 
he filled a post requiring not only a detailed know- 
ledge of the working of the Meteorological Office and 
of other Government departments, but also an 
appreciation of the needs of those, outside the 
Service, needing weather information and advice, be 
they in industry, commerce, law, the Press or radio. 
Under his immediate direction, the automatic tele- 
phone weather service for London was inaugurated, 
the ‘weather men’ of the B.B.C. Television were put 
on the screen and the Meteorological Office Cen- 
tenary Exhibition prepared and sent around the 
country. Hanson was perhaps at his happiest when 
dealing with such publicity and was particularly 
successful in bridging the gap between the anonymity 
of the Civil Service and the extrovert activities of 
Fleet Street and Lime Grove, in which places he was 
regarded with respect and affection. Although he 
worked mainly in the background, from time to time 
he broadcast to farmers on television and on the 
sound programme ‘“The Countryside”’. 

Early promise at the piano, violin and organ 
indicated a possible career in the musical profession, 
but of latter years his main interest, apart from Free- 
masonry, was undoubtedly the London Forecasting 
Office and the developing of new ways of presenting 
weather to the public. He engaged in no research 
and published no papers, but nevertheless was always 
experimenting in novel forms of presentation, and 
he will long be remembered for his contributions in 
this field. 

He was much devoted to his wife and four children 
who survive him. N. B. MarsHatn 


NEWS and VIEWS 


metry,* University of Cambridge ; Prof. A. J. Lewis, 
professor of psychiatry, University of London. 

C.M.G.: T. 8. Leach, chief inspector of fisheries, 
Ministry of Agriculture, Fisheries and Food; Prof. 
J. P. Baxter, vice-chancellor, University of New 
South Wales, and chairman, Australian Atomic 
Energy Commission; A. J. Haddow, director, East 
African Virus Research Institute; J. G. M. King, 
director of agriculture, Uganda; T. A. M. Nash, 
director, West African Institute for Trypanosomiasis 
Research ; R. J. M. Swynnerton, director of agri- 
culture, Kenya. 

C.B.E.: Prof. W.J.G. Beynon, professor of physics, 
University College, Aberystwyth, for services in the 
organization of the International Geophysical. Year ; 
W. E. China, keeper of entomology, British Museum 
(Natural History); Prof. 8. J. Davies, dean, Royal 
Military College of Science ; Prof. W. R. Hawthorne, 
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professor of applied thermodynamics, University of 
Cambridge; Mrs. E. L. G. Hilton, director, Radio- 
therapeutic Dept., University College Hospital ; A.C. 
Monkhouse, formerly deputy director, Warren Spring 
Laboratory, Department of Scientific and Industrial 
Research ; E. W. S. Press, director, chemical inspec- 
torate, Ministry of Supply ; J. A. B. Smith, director, 
Hannah Dairy Research Institute; Prof. H. M. 
Steven, professor of forestry, University of Aberdeen ; 
Major H. Sumner, formerly president, Royal College 
of Veterinary Surgeons ; Prof. L. J. Witts, Nuffield 
professor of clinical medicine, University of Oxford ; 
Miss Mary Woodall, director, Birmingham City 
Museum Art Gallery ; Prof. N. 8. Alexander, pro- 
fessor of physics, University College, Ibadan ; C. E. 
Duff, chief conservator of forests, Northern Rhodesia ; 
C. W. 8. Hartley, director, West African Institute for 
Oil Palm Research ; J. D. Pollett, director, Geological 
Survey, Sierra Leone. 


Institution of Mining Engineers: President for 


1960-61 

Mr. R. G. BaxEr has been elected president of the 
Institution of Mining Engineers for the year 1960-61, 
and will succeed Mr. T. A. Rogers at the sixty-sixth 
annual general meeting of the Institution to be held 
in London on January 28, 1960. Mr. Baker, who is 
deputy chairman of the North-Eastern Division of 
the National Coal Board, is the second son of the 
late George Baker, who was a well-known steel maker 
in the Rotherham neighbourhood. He was educated 
at the Leys School, Cambridge, and obtained a 
degree of bachelor of engineering (mining) at the 
University of Sheffield. After a period as assistant 
manager at Brodsworth Main Colliery, he became 
manager at Rotherham Main Colliery in 1934. In 
1936 he moved to Earl Fitzwilliam’s Colliery Co., 
initially as assistant manager, and was later suc- 
cessively manager at Elsecar Main Colliery, assistant 
general manager, and finally general manager of the 
Company. On nationalization of the coal industry, 
Mr. Baker was appointed deputy area general manager 
of No. 3 (Rotherham) Area of the North-Eastern 
Division and later became general manager of that 
Area, He was next appointed acting divisional pro- 
duction director of the North-Eastern Division and 
in 1951 he became deputy chairman of the Division. 
He has been secretary—investigator of the Coal Dust 
Committee of the Yorkshire Advisory Committee on 
Mining Research, a member of the Informal Com- 
mittee on Shotfiring which was sponsored by the 
Minister of Fuel and Power, and a member of the 
Shotfiring and its Alternatives Committee of the 
Institution of Mining Engineers. Mr. Baker was 
elected to the Council of the Midland Institute in 
1942 and was president of that Institute in 1951-52. 
He is chairman of the Mining’ Advisory Committee 
of the Yorkshire Council for Further Education, and 
a member of the Mining Qualifications Board. 


Cytology at Dublin: Prof. J. Bronte Gatenby 
Pror. J. Bronté GaTENBy has been appointed to 
a new research chair in cytology in Trinity College, 
Dublin. Born in New Zealand, Gatenby became a 
leeturer at Oxford in 1916 and in 1917 a senior demy 
of Magdalen College. In 1920 he was appointed 
lecturer in cytology in the University of London, and 
in 1921 to the chair of zoology and comparative 
anatomy in Trinity College, Dublin. Early in his 
career Gatenby’s immense energy was directed 
towards the solution of the many problems associated 
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with the study of cytoplasmic bodies and organelles 
of various organisms. At that time there was little 
knowledge of extra-nuclear components and inclu. 
sions, and Gatenby not only carried out pioneer work 
but inspired successive generations of students to take 
up cytological research. Throughout the years he 
continued to contribute to the understanding of the 
structure of animal cells, and as new techniques 
became available in related fields he was always one 
of the first to adapt these to his own subject. Much 
of the early work has stood the test of time and forms 
the background necessary for the advances in cytology 
that have taken place in the post-war period. Gatenby 
has not neglected these advances, having, for example, 
in 1958 visited the Argonne National Laboratory, 
Illinois. After many years of teaching and research, 
he relinquishes the chair of zoology and comparative 
anatomy, and is honoured by appointment to a new 
research post. 
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Zoology and Comparative Anatomy at Dublin: 
Prof. J. N. R. Grainger 
Dr. J. N. R. GRAINGER, who has been appointed 
to succeed Prof. Bronté Gatenby in the chair of 
zoology and comparative anatomy in the University 
of Dublin, Trinity College, entered Trinity College 
with a Senior Exhibition and graduated in 1947 with 
first-class honours in natural science. He was 
appointed the following year as an assistant lecturer 
in the Department of Zoology in the University 
College of Hull, as it then was. While he has been at 
Hull, he has established and developed the teaching 
of parasitology in its systematic and anatomical, 
as well as in its physiological, aspects with great 
success. Parallel with this work, and in harmony 
with it, his interests turned progressively towards 
the consideration in fundamental terms of the mechan- 
isms underlying the capacities of organisms to 
respond in particular ways to changes in their 
environment, and in particular to changes in tempera- 
ture. Of recent years, he has become widely known 
for his original contributions in mathematical, physi- 
cal, and chemical terms to the theory of the steady 
state and its applications to the facts of short-term 
adaptations in living organisms, and also for the 
large volume of experimental work which he has 
achieved in this field. His return to his own University 
to succeed his old teacher will ensure that the long- 
established reputation of the Department of Zoology 
and Comparative Anatomy there for fundamental 
and original work in physiology will be maintained 
and extended into new and exciting fields, and that 
the work of the Department will continue to be 
securely based on the proper traditions of morphology 
and systematics. 


Bacteriology at Adelaide : Prof. D. Rowley 


Dr. Derrick Row ey, head of the Department of 
Bacterial Physiology in the Wright—Fleming Institute 
of Microbiology, London, has been appointed pro- 
fessor of bacteriology in the University of Adelaide 
as from December 1, 1959. Dr. Rowley began his 
professional career during the Second World War as 
a research chemist, dealing with isolation of inter- 
mediate compounds from the ‘cracking’ of petroleum, 
and later with improvement in methods for extrac- 
tion of penicillin. He joined the staff of the Wright- 
Fleming Institute in 1945, being promoted to his 
present position in 1953. In 1950, soon after quali- 
fying in medicine, he received a Commonwealth Fund 
Fellowship for study in the United States. Part of 
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that time was devoted to immunochemical work in 
the laboratories of M. Heidelberger at Columbia 
University ; the remainder was at the California 
Institute of Technology, where he studied problems 
of bacterial genetics with G. W. Beadle. During 
1957-58 he returned to America as visiting professor 
of microbiology at Stanford University. Dr. Rowley’s 
investigations in the field of microbiology began with 
work on the mode of action of penicillin, with special 
attention to the binding of penicillin to bacterial cell 
walls. Later he became interested in the non-specific 
effects on resistance to infection caused by injections 
into animals of bacterial lipopolysaccharides. This 
has led over the past few years to an intensive study 
on the general problem of natural resistance to 
infection with particular reference to the roles of 
such factors as complement, properdin, phagocytosis 
and so-called natural antibodies. 
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University Research in the United States 


“SCIENTIFIC Research and Development in Colleges 
and Universities: Expenditure and Manpower— 
1953-54” (pp. iii +173. Washington, D.C.: Govern- 
ment Printing Office, 1959. 1 dollar) is the final part 
of the National Science Foundation’s survey of the 
overall research and development effort of the United 
States in that period. The expenditure of American 
colleges and universities proper is estimated at 277-7 
million dollars (of which 142 million dollars were from 
the Federal Government), with another 74-2 million 
dollars at the agricultural experimental stations and 
130 million dollars at Federal research centres. Of 
the first figure, 205-5 million dollars are budgeied 
separately for research and develooment, 20-9 million 
dollars represented indirect costs of such work borne 
by colleges and universities and 51-3 million dollars 
departmental research. Of the total 481-9 million 
dollars, 229 million dollars were devoted to basic 
research. Colleges and universities, including agri- 
cultural experimental stations, employed 62,251 
in science faculties, and of these 31,455 were engaged 
in research and development, while Federal research 
centres employed 5,000 research personnel. Of the 
science faculties, 8,300 were engaged full-time in 
research and development and 42,700 full-time 
staff were engaged in teaching, research and com- 
munity service, while 11,300 part-time staff were 
engaged primarily in teaching. The physical 
sciences claimed 41 per cent of the total financial 
provision and 33 per cent of man-power, the bio- 
logical sciences (including agriculture) 48 per cent of 
the expenditure and 52 per cent of man-power. Of 
the total science faculties, 37 per cent were employed 
in the physical and 40 per cent in the biological 
sciences. In the 190 large colleges and universities, 
known to conduct sponsored research projects and 
granting most of the advanced degrees in science, the 
Physical sciences accounted for 60 per cent of the 
expenditure and 40 per cent of the man-power, the 
corresponding figures for the biological sciences being 
33 per cent and 47 per cent. 


sins of Universities of the British Common- 
wealt 


_ THE report of the Executive Council of the Associa- 
tion of Universities of the: British Commonwealth 
for the year ended July 31, 195¢ (pp. 25. London : 
Association of Universities of the British Common- 
wealth, 1959), records that in 1957-58 the Association 
was asked to act in connexion with 651 appointments 
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in member universities outside the United Kingdom, 
compared with 408 in 1956-57, and that the office 
handled 4,149 inquiries regarding advertised appoint- 


ments. Advisory committees were set up for 51 
appointments and reports on 94 candidates were 
forwarded to the universities concerned. The report 
refers to the work of the Association, its Council, or 
Secretary in connexion with Commonwealth Univer- 
sity Interchange, Marshall Scholarships, the Frank 
Knox Memorial Fellowship, British Memorial Fellow- 
ships established by public subscription in Victoria, 
Australia, and Imperial Relations Trust Fellowships, 
and subjects discussed at the eleven meetings during 
the year of the Committee of Vice-Chancellors and 
Principals of the Universities of the United Kingdom 
are indicated in an appendix. 


The Ciba Foundation 


Tue report for 1958 of the Ciba Foundation for 
the Promotion of International Co-operation in 
Medical and Chemical Research (pp. 25. London, 
1959) records that during the year 835 visitors from 
thirty-six countries were provided with accommoda- 
tion for short periods. Twelve evening discussion 
meetings were held, covering bioenergetics ; mammo- 
genic and lactogenic activities of the placenta ; 
selective toxicity ; prediabetes; gat way to the 
cerebral circulation ; leukzmia, viruses and radia- 
tion; hormonal genesis of mammary cancer ; 
theories of antibody production ; the arterial pressure 
pulse ; aspects of climatic physiology ; maintenance 
of hereditary defects and diseases in human popula- 
tions; and chemical protectors against ionizing 
radiation. A new series of evening film sessions 
dealing with the film as a scientific teaching and 
research instrument was arranged. Besides a guest 
symposium on the definition and classification of 
pulmonary emphysema, several international con- 
ferences were arranged dealing with water and 
electrolyte mechanism in relation to age and sex ; 
amino-acids and peptides with antimetabolic and 
cytotoxic properties; the recent contribution of 
medical biology to ethnology, with special reference 
to the origin of the Etruscans ; the biosynthesis of 
terpenes and sterols; carcinogenesis: mechanisms 
of action; and the regulation of cell metabolism. 
Nine awards were made for research relevant to the 
problems of ageing and six British and four French 
candidates were awarded short-term Anglo-French 
exchange bursaries. Six volumes of conference pro- 
ceedings were published, and besides details of the 
Foundation’s research forums the report includes a 
list of publications. 


Soviet Physics—Solid State 


AN important new U.S.S.R. Academy of Sciences 
journal made its initial appearance last January, 
Fizika Tverdogo Tela. Offering results of theoretical 
and experimental investigations in the physics of 
semiconductors, dielectrics, and on applied physics 
associated with these problems, this periodical pub- 
lishes papers on electronic processes taking place in 
the interior and on the surface of solids. The 
American Institute of Physics has added this 
monthly publication to the list of Russian physics 
periodicals now available in cover-to-cover trans- 
lation. The English language version is called Soviet 
Physics—Solid State. Further information can be 
obtained from the American Institute of Physics, 
335 East 45 Street, New York, 17. 
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School Natural History Societies 

Tue contributions made by school societies to the 
spread of knowledge of their own areas is shown in 
booklets published by the Rugby School Natural 
History Society and the Biology Department at 
Stowe School. From Rugby comes a report of the 
activities during 1958 and, besides details of the 
work of various sections during the year, includes 
records of Cladocera which have been made by 
H. R. T. Price, and Syrphidae compiled by R. H. T. 
Tracy and J. Peirson. Stowe has produced ‘An 
Account of the Birds of Stowe’’, with records of the 
eighty-two species which now belong to the Stowe 
list. Articles on particular groups of birds which are 
found locally have either been taken from earlier 
issues of the school journal or have been specially 
prepared. Special tribute is paid to a former master, 
F. P. G. Aldrich-Blake, who appears not only to have 
inspired his boys but also the publication of this 
booklet in his honour. 


The Manchester Museum 

Tue first annual report for 1957-58 by Dr. D. E. 
Owen, the newly appointed director of the Man- 
chester Museum (pp. 20. Manchester: The Man- 
chester Museum, The University, 1959), reports 
progress in several directions. A gallery has been set 
apart for special temporary exhibitions, the policy to 
improve the display cases throughout the Museum 
has been accelerated and a new guide-book has been 
published. A bequest of Japanese material, including 
lacquer, ivory and bronze and collections of coleoptera 
and lepidoptera, has been received from the late Mr. 
R. W. Lloyd. A further bequest of similar importance 
was the Raby collection of coins. Popular lectures 
on Saturday afternoons attract an average audience 
of sixty-one, but an experimental series on Thursday 
evenings was not so successful. Members of the staff 
continue to carry out research on the collections, and 
an impressive list of publications is included in the 
report. 


Work at the Royal Society Base, Halley Bay 


THE United Kingdom Antarctic Report to the 
fifth meeting of the Special Committee for the 
International Geophysical Year held in Moscow in 
1958 (pp. 20. The Royal Society, 1958) includes a 
brief summary of matters from May 31, 1957, to 
May 31, 1958, dealing mainly with the work attempted 
at the Royal Society Base, Halley Bay. This included 
observations of meteorology (surface and upper air), 
geomagnetism, aurora, ionospheric measurements, 
and seismology. Over 1,250 upper air balloons were 
launched, some reaching heights of 20 km., during 
April and May. The heights during most of the dark 
season were much below expectation, but increased 
with the return of the sun above the horizon. There 
were many instrumental difficulties resulting from the 
harsh environment but for the most part these were 
overcome. Tables of provisional climatic data reveal 
that the highest daily maxima temperatures ranged 
from + 2° C. recorded in January (the only month 
recording a temperature above freezing-point) to 
— 15°C. in August. The lowest daily minima ranged 
from — 51° C. in July to — 15° C. in December. 
Snow fell on 191 days during the year. The visual 
and all-sky camera auroral data have been compared 
with those in the northern hemisphere during the 
period of the equinoxes in an attempt to find if any 
simultaneous data are available. The ionospheric 
data have shown that the diurnal variation of the F 
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layer over Halley Bay is mainly determined by 
movements of ionization and not by the primary 
photo-ionization processes. Radio echo data obtained 
from aurore have been compared with similar data 
from Jodrell Bank, and it is concluded that the great 
aurore of the northern hemisphere are accompanied 
simultaneously by greatly enhanced activity of the 
aurora australis. 

The glaciological data involved observations of the 
ice shelf, several hundreds of feet in thickness and 
partially aground, on which the station was located. 
The work included measurements of accumulation 
and ablation, and the temperature gradient within 
the ice, also the determination of past variations in 
the net accumulations. There were also frequent 
recordings of small seismic shocks that have heen 
interpreted as occurring within a few degrees of Halley 
Bay. 


Scientific Research in Central Africa 

THE attractively produced and illustrated ninth 
annual report of the Institute for Scientific Research 
in Central Africa covers the year 1956 (pp. 340. 
Bruxelles: Institut pour le Recherche Scientifiques 
en Afrique Centrale, 1958) and is in three parts. The 
administrative report includes particulars of the 
management and scientific committee, the financial 
statement and the director’s report. The second part 
describes the opening of the Institute’s main centre 
at Lwiro and includes the texts of addresses on the 
scientific work of the Institute and other research 
projects relating to central Africa. The third part 
comprises brief summaries of the work of the Institute 
during the year and a list of publications by the staff 
of the Institute or associated workers, comprising 
145 titles. Abstracts of some of these are included. 
In his report as director, Prof. van den Berghe refers 
to the completion of a study of the tsetse flies of 
Mutara and Ruanda-Urundi, to studies of the biology 
of certain noxious rodents of Kivu, of the birds of 
the Tshibati region and their habitats and seasons of 
reproduction, and on the biology of the fish of Lake 
Tanganyika and of its coastal fauna. Observations 
on the forest ecology of Mabali and the borders of 
Lake Tumba and the collection of a herbarium con- 
tinued, as well as inquiries into the migration of 
natives of Ruanda-Urundi into East Africa and into 
the agricultural economy of Ruanda-Urundi. 
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Oospore Germination in Albugo candida 

AnTON DE Bary’s_ wei!l-known illustration of 
oospore germination in Alb:ugo candida (published in 
1863), in which a sessile vesicular zoosporangium is 
depicted, has long held its plece in standard text-books. 
According to T. C. Vantezpool (Can. J. Bot., 37, 
No. 2; 1959), no other investigation on this pheno- 
menon in A. candida has ever been published. He 
has now demonstrated thet if oospores, in hyper- 
trophied inflorescences of rave (Brassica napus L. var. 
annua Koch), are kept in a »efrigerator for 21 months, 
liberated from the tissue »y grinding, soaked for 
7-10 days in water at 10-12° C., then changed to 
fresh water, they will germinate. Moreover, he has 
shown that a second type of zoosporangium formation 
exists, namely, that on the rapture of the epispore, 
an exit tube, 1-2-5 times the diameter of the oospore, 
first grows out, the zoosperangial vesicle being then 
formed distally. Zhe sessile type of germination, 
obtained under #fe same circumstances, was, howevel, 
the more oOmmon. Other interesting biological 
observations are also noted. 
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Trilinear Chart of Nuclides 


THE enormous amount of scientific data coming from 
laboratories of many countries is useless unless the 
information reaches the user as quickly as possible, 
and it must be in a form convenient enough to 
become popular with the searcher of information. 
In the case of the basic properties of nuclei large 
tables have been very useful, the most widely spread 
design being that due to W. H. Sullivan, which is 
based on a trilinear chart. In view of the continuous 
increase of information and the constant improve- 
ment of data already known, the sponsor of Sullivan’s 
tables, the U.S. Atomic Energy Commission, is 
now offering a service to keep the collection up to 
date. This is done by replacing the hexagons making 
up the table with new ones containing the improved 
information. The first two sheets of replacements 
contain 45 and 49 hexagons, respectively, ready to be 
stuck over the old ones. The data reported are: 
isotopes, isobars, isotones, isodiapheres, beta line of 
stability, atomic mass, isotopic abundance, alpha 
and beta stability or instability, genetic relationships, 
production modes, disintegration modes, nuclear 
isomerism, radiation energy and intensity, half-life, 
branching ratios, per cent internal conversion, fission 
yield, whole element and isotopic cross-sections, spin, 
magnetic moment, and degree of certainty of A and 
Z assignment. The issue runs to 25,000 prints. 
Revision sheets can be obtained on a subscription 
basis from the Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C. 
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The International Academy of Management 


At a recent meeting in Athens of the Executive 
Committee of the International Committee for 
Scientific Management, Mr. John Ryan, vice-chair- 
man of the British Institute of Management, chairman 
of its International and Information and Research 
Committees, and vice-chairman of Metal Box Co., 
Ltd., was one of the eight new Fellows elected to the 
International Academy of Management. Nominees 
for membership were submitted from the twenty-nine 
countries of the International Committee and, among 
others elected, were Gaston Berger of France, Peter 
F. Drucker of the United States, Hugo de Haan of 
Austria, Bernhard Hellern of Norway, Theodore 
Limperg of Holland, E. Hans Mahler of Switzerland 
and Harold B. Maynard of the United States. The 
Academy was created by the International Com- 
mittee in November 1958, for the purpose of “‘stimu- 
lating and honouring distinguished personalities for 
their contributions to the field of scientific manage- 
ment”’. One of the first activities of the Academy will 
be the selection of a prize paper to be read at the 
twelfth World Congress on Management being held 
in Australia during February 22—March 4, 1960. 


Symposium on Geochemistry 


A syMPosIuM on geochemistry organized by the 
Commission on Geochemistry of the International 
Union of Pure and Applied Chemistry will be held 
in Gottingen, Germany, on August 21 and 22, to be 
followed by two days field excursions. The topics 
for discussion at the Symposium are: stable nuclides 
in geochemistry ; long-lived radionuclides in natural 
systems ; geochemistry of thé halogens ; geochemical 
aspects of life on earth. “Further information can 
be obtained from Prof. C. W. Correns, Sediment- 


ies tere Institut, Géttingen, Lotzestrasse 
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Announcements 


Dr. J. 8. ANDERSON, professor of inorganic and 
physical chemistry in the University of Melbourne, 
has been appointed director of the National Chemical 
Laboratory, Teddington, in succession to Dr. D. D. 
Pratt, who is retiring. 


Tue Dr. W. 8S. Bruce Memorial Prize for 1958, 
commemorating Dr. W. 8. Bruce, the Scottish 
explorer and scientific investigator in polar regions, 
has been awarded to Dr. Hal Lister, Department of 
Geography, King’s College, Newcastle upon Tyne, 
for his glaciological work with the 1957-58 Trans- 
antarctic Expedition. The committee of award is 
appointed by the Royal Physical Society of Edin- 
burgh, the Royal Scottish Geographical Society and 
the Royal Society of Edinburgh. 


Messrs. Prizer, Lrp., the Kent manufacturing 
chemists, have awarded a university scholarship for 
science worth £370 per annum to Miss Penny Howard, 
of Abingdon, Berkshire, and one for chemistry worth 
£465 per annum to George Sayce, of Hampton Hill, 
Middlesex. 


Tue Plant Phenolics Group is to hold an Inter- 
national Symposium on “Humic Acid” in the 
Department of Chemistry, University College, Dublin, 
on September 10 and 11. Further information can 
be obtained from the honorary secretary, Dr. T. 
Swain, Low Temperature Research Station, Downing 
Street, Cambridge. 


A CONFERENCE on Ion Exchenge will be held at 
the Mountain View Hotel, Gatlinburg, Tennessee, 
during September 7—11, under the sponsorship of the 
Oak Ridge National Laboratory. Further infor- 
mation can be obtained from Wm. Rieman, III, 
Ralph G. Wright Laboratory, Rutgers, The State 
University, New Brunswick, New Jersey. 


THE annual meeting of the Electron Microscope 
Society of America will be held during September 
9-12 in Columbus, Ohio, at the Ohio State University, 
when & symposium is to be arranged on “‘Contribution 
of Electron Microscopy of Viruses and Cells to the 
Problem of Cancer”. Further information can be 
obtained from the secretary of the Society, D. Max- 
well Teague, Chrysler Corporation, P.O. Box 1118, 
Detroit 31, Michigan. 2 


Commission I of the International Institute of 
Refrigeration will be holding a conference in Copen- 
hagen during August 19-26 as part of the Tenth 
International Congress of Refrigeration. The fol- 
lowing topics will be discussed : applications of low- 
temperature techniques in nuclear physics; mech- 
anical properties of metals at low temperatures ; 
thermometry ; industrial problems in connexion with 
the liquefaction and distillation of gases; equation 
of state of mixtures; fluids under high pressure ; 
transport phenomena in gases, liquids and solids ; 
other problems of the application of very low tem- 
peratures in industry. Further information can be 
obtained from Prof. A. Van Itterbeek, Naamse- 
straat 73, Louvain, Belgium. 


Erratum. In the article entitled “Reaction of 
some Silicates with Chelating Agents”, by Dr. D. A. 
Sutton, M. D. Middleton and R. A. F. Body, pub- 
lished in Nature of January 10, p. 99, m Fig. 1 
“Process 1” should read “Process 2” and vice 
versa. 
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STEREOPHONIC SOUND RECORDING, REPRODUCTION AND 
BROADCASTING 


T is commonly remarked, with much truth, that 

engineering is impatient of scientific understand- 
ing ; history can cite repeated instances of engineering 
enterprise plunging ahead and producing devices of 
great efficiency and utility, which only afterwards 
have been blessed by scientific theory when this has 
shown them to have reached near-theoretical limits. 
For this, the engineer needs no apology. His first 
concern is not analysis but synthesis ; his purpose 
is a social one, and he must for ever be content with 
compromise, drawing upon such science as may exist, 
using judgment and even guesswork to satisfy his 
customers. 

This has been true of most branches of the elec- 
tronics industry; radio, radar, television and now 
‘hi-fi’ and stereophony are triumphs not primarily 
of science but of technology. 

Stereophonic recording, reproduction and _ broad- 
casting, the subject of a Convention held under the 
auspices of the Institution of Electrical Engineers on 
March 19 and 20, represents one of the latest catch- 
purses to tickle the public fancy. Such conceits 
spread quickly, perhaps we might unkindly say, first 
among those who lust after the latest gadgets; but 
if this newest branch of the radio and gramophone 
industry is thus encouraged, there is no doubt that 
musical education will also benefit eventually. But 
the practical systems of stereophony are as yet 
imperfect, and there is room for ingenuity and 
inventiveness—and, in my opinion, more room u0w 
for science. 

This was perhaps the most disappointing aspect of 
the Convention, that it was concerned almost entirely 
with techniques ; with practical problems of recording 
head design, with standardizing the grooves in 
gramophone records, with magnetic-tape machine 
design for easy operation and low cost, with techniques 
of compatibility whereby stereophonic (twin-track) 
signals may be used by those unfortunates who 
possess conventional one-loudspeaker sets—but almost 
nothing was heard concerning the theoretical basis 
of stereophony, nor of the unsolved problem of 
binaural hearing. For we still do not fully understand 
directional hearing, either psychologically or physio- 
logically. 

The opening paper, by Mr. T. Somerville, rightly 
emphasized the pioneer work of Blumlein, some thirty 
years ago. Blumlein’s name is specially associated 
with systems of stereophony which use coincident 
microphones ; these are not spaced apart in the 
studio, but have their directional characteristics 
angularly spaced, such that a sound reaching them 
sets up two signals with different amplitudes. 

It would have helped the Convention if, at this early 
stage, some explanation of the essential theory of 
stereophonic hearing had been presented—aided by 
simple geometric diagrams. In this way we might 
have avoided several confusions which arose later. 
For example, simple geometry readily shows how, 
in Blumlein-type systems, the amplitude-difference 
at the two microphones becomes converted into a 
time-difference between the two ears of a listener at 
the receiving end. Of course, our sense of direction 
does not entirely depend upon the binaural time- 





interval but upon other sensory clues as well—but it 
is very important. 

Mr. F. H. Brittain, who followed with a paper com- 
paring normal directional hearing with that provided 
by the twin loudspeakers of stereophony systems, 
valiantly tried to clear up certain misconceptions, 
Thus he stressed that the signal from any one micro- 
phone in the studio, fed to one loudspeaker in your 
living-room, reaches both your ears. The facts that 
you have two ears and that usually two microphones 
are used are not related—the microphones do not 
in any sense “simulate your two ears” (one later 
speaker had the good grace to apologize for a slide, 
which showed a symbolic human head wrongly 
placed between two spaced microphones). Again, 
Mr. Brittain pointed out the distinction between 
inter-aural time-intervals (maximum, about 500 
microseconds in normal conditions) and intersource, 
loud-speaker, time intervals (which may be several 
milliseconds). It is only the latter interval which 
concerns the so-called ‘Haas effect’, an effect which 
is of some importance for off-axis listening in stereo- 
phony. Thus if you sit well to one side of the room, 
the sound from one loudspeaker may reach both 
your ears 4-5 milliseconds before the sounds from 
the other ; in such circumstances, the sounds at each 
ear may fail to fuse, subjectively, and the illusion of 
spatial distribution is shattered. 

In normal life our sense of sound direction arises 
from several acoustic clues ; in particular, differences 
in inter-aural time, intensity and in minor sound 
structure. But such differences alone cannot give 
an image outside the head—they produce right/left 
shifts only. We need, further, the variations of these 
differences with head turning (aural-kinesthetic 
association). The only detailed references to these 
basic facts were made by Mr. Brittain, who outlined 
the difficulties involved in producing these desired 
inter-aural characteristics in the sound field from two 
spaced loudspeakers. He stressed that, ideally, 
we need loudspeakers with directional lobe-patterns 
of a special shape and which vary with frequency ; 
further, it would greatly help if the time-delay of 
sounds emitted from each loudspeaker could be 
varied suitably with angle. We could well have 
profited by a good deal more physical and psycholo- 
gical background to this Convention. 

The remaining papers were technical. One by 
Mr. G. F. Dutton and another by Messrs. A. D. Burt 
and D. R. Andrews were concerned with magnetic 
tape recording. The first outlined the commercial 
possibilities of 7} in./sec. tape records and reproducers, 
which now can be operated by people who are not 
mechanically minded. Tape records can be made with 
wide frequency-bands, with negligible ‘print-through 
between layers when stored and, most important, 
very low ‘cross-talk’ between the adjacent tracks 
of the two channels. This Jatter point was much 
discussed, and clearly it is a troublesome aspect of 
technique. os i ; 

Mr. Dutton also outlined the problems of reducing 
the cost of stereophony on tape records, which 
relate to the use of slower speeds, involving better 
head resolution, smoother tapes and narrower tracks. 
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Very similar points were raised by the authors of 
the second paper, wvho dealt specially with the head 
design and with easily handled, quick-change tape 
‘cartridges’. 

The final paper on the first day of the Convention, 
presented by Mr. J. Moir, discussed cinema stereo- 
phony. It is characteristic of cinema systems that 
they have used 3, 4, 5 or even 6 loudspeakers, as 
opposed to the usual pair of domestic systems. Now 
with two microphones, only two-point samples of a 
continuous sound field in the studio are taken, so 
that the two spaced loudspeakers in your living-room 
set up a kind of diffraction pattern ; this is perhaps 
more or less correct if you sit in the middle, but not 
if you sit tc one side. Cinema audiences, however, 
occupy & wide angle, giving corresponding difficulties. 
One might have hoped that this greater number of 
spaced microphones would be used to give a more 
accurate simulation of the studio sound field, but 
Mr. Moir pointed out that studio personnel have not, 
in the main, understood the true problem. Most 
film recordings have used single-track technique, 
merely switching the sound image about the screen 
to be roughly coincident with the photographic 
image, by potentiometer control of the recording level 
from each microphone : a difficult proceeding if two 
actors speak simultaneously. 

An evening session was devoted to broadcast stereo- 
phony. Mr. D. E. L. Shorter stressed the difficulties 
of ‘compatibility’ —conventional one-channel recep- 
tio of an intended stereophony broadcast—and 





INDUSTRIAL PHOTOGRAPHIC 


HE Industrial Photographic and Television 

Exhibition, which was held at the Royal Albert 
Hall during April 20-24, was sponsored and organ- 
ized by the Financial Times. It was stated that “‘the 
object of the exhibition was to show executives the 
way in which photography can aid them in many 
stages of the industrial process or commercial 
activities”. 

Throughout the duration of the exhibition a 
number of lectures were given each day on the use 
of photography and television in the factory, the 
office, training and advertising. 

The most obvious use of photography is its ability 
to record events for future reference. A photograph 
can store, in one instant of time, much more informa- 
tion than an observer could absorb—information 
the importance of which may not even be appreciated 
at the time. Such records can be examined in detail 
and at leisure at a later date. They can also be 
compared with others taken at different times, in 
order to find similarities and differences, as in 
astronomy. 

In addition, photography can extend the field of 
human observation. If ar event lasts only a fraction 
of a second, high-speed photography can be used to 
slow the action down. On the other hand, some 
changes are difficult to follow because they occur so 
slowly. By using time-lapse photography, the time- 
seale can be compressed and the whole cycle of 
action presented in a few minutes or less. 

Furthermore, sensitized photographic materials are 
sensitive to many forms of radiation to which the 
tye does not respond in a useful manner, such as 
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the technical difficulties of modulating a single carrier 
wave by two sources. Dr. W. 8. Percival described 
an ingenious stereophonic system in which the two 
channels convey (a) the main acoustic content, 
(b) the acoustic direction clues, the latter requiring 
very low information rates indeed ; he quite rightly 
observed that our sense of direction is most sensitive 
to transient sounds, and his system takes maximum 
notice of these. 

Two papers were delivered on the second day dealing 
with disk recording. Mr. Dutton referred to inter- 
nationally agreed standards, both of cutting and 
pick-up techniques. The most-favoured system, 
called the 45/45 system, uses orthogonally placed 
needles at 45° to the vertical. For best performance, 
minimum wear, cross-talk, etc., fully mechanical 
standards have now been set up. Great attention is 
also being paid to improvements in cutter and pick-up 
design, for better reproduction and easier manufacture, 
a topic dealt with in some detail by later speakers. 

The Convention closed with a lively discussion, 
admirably refereed by Mr. Moir, which provided as 
much interest as some of the main proceedings. 
Perhaps the Institution of Electrical Engineers can 
be persuaded to present another Convention later, 
dealing with principles and fundamental problems 
rather than so much with design of apparatus. 
Engineers have gone a long way in this field on 
inadequate theory, or on none at all. This. Conven- 
tion showed the need now to be pressing. 

CoLin CHERRY 


AND TELEVISION EXHIBITION 


infra-red and ultra-violet radiation, «-, B-, y- and 
X-rays and atomic particles. 

X- and y-rays are used in radiography, which is a 
non-destructive method of examining the internal 
structure of a wide range of objects, including human 
beings. From X-ray and electron diffraction patterns 
information can be obtained about the fine structure 
of materials, and in the electron microscope the use 
of an electron beam enables greater resolution to be 
obtained than with the optical microscope. 

Special emulsions have been developed to help the 
nuclear physicist record the tracks of particles such 
as electrons, protons, mesons, etc., moving at high 
speeds. From these records he gains knowledge of 
atomic and nuclear structure. 

The most striking feature of the exhibition was a 
large display of excellent black-and-white and 
coloured prints illustrating the uses to which photo- 
graphy could be put in industry, research, docu- 
mentation and advertising. 

Among these was a set of prints taken by reflected 
polarized light showing the growth of magnetic 
domains on the surface of a metal with increasing 
magnetic field (International Computers and Tabu- 
lators, Ltd.). 

Examples of high-speed photography included a 
study of spray formation from high-pressure jets 
(Babcock and Wilcox, Ltd., and John Thornycroft, 
Ltd.). Another series of photographs illustrated a 
method of demonstrating fluid-flow by recording the 
paths taken by numerous small air bubbles suspended 
in @ liquid. The apparatus was illuminated from one 
side by a flash bulb through a narrow slit so that a 
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thin lamina perpendicular to the camera axis was 
photographed (Harold White, for the Power Gas 
Corporation, Ltd.). The Bowater Paper Corporation, 
Ltd., exhibited a print taken at 1/8000th of a second 
showing the fluid pulp on the wire mesh of a paper- 
making machine. 

Other pictures showed the use of enamel for 
revealing the pattern of strain in metals (A. V. Roe, 
Ltd.), photoelastic stress patterns in gears and pawls 
(International Computers and Tabulators, Ltd.), the 
ultrasonic testing of metals (Steel Co. of Wales) and 
recording of cracks in concrete (Babcock and Wilcox, 
Ltd.). The last firm also showed photomicrographs 
of metal structure. 

Probably the stand which was best arranged to 
enlighten the hypothetical executive was that of 
Pye, Ltd. It was divided into a series of cubicles, 
each one of which showed an application of closed- 
circuit television, such as the transmission of printed 
information or instrument dial readings or the 
examination of machinery in operation in inaccessible 
or inconvenient positions. Details were also given of 
a special camera designed to operate inside a nuclear 
reactor. Similar equipment was also exhibited by 
Marconi Wireless Telegraph Co., Ltd., for traffic 
observation and control. 

Rank Cintel, Ltd., were demonstrating a three- 
channel colour-television apparatus and a video tape 
recorder. They also showed how television techniques 
could be applied to photographic printers and en- 
largers to adjust the contrast of a negative to 
improve print quality. 

Decca, Ltd., showed a data-transmitting system 
which used a cathode-ray tube as a scanner with a 
photomultiplier pick-up tube. 
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The three photographic firms who exhibited 
featured document copying and reproduction. Gevaert, 
Ltd., showed examples of the ‘Gevacopy’ process 
which utilizes silver image transfer for producing a 
few copies. If a larger number are required then an 
offset printing plate on aluminium can be prepared, 
Ilford, Ltd., demonstrated a range of machines for 
using ‘Azoflex’ paper. This is a dye-coupling process 
which is capable of producing either as small or as 
large a number of copies as needed. On the Kodak 
stand was to be found the ‘Verifax’ process. This 
uses @ layer which is hardened by light and after. 
wards pigmented. Any unhardened gelatine on the 
‘negative’ can be transferred, more than once, to 
other sheets of paper to obtain several copies. Also 
shown on this stand were the ‘Statfile’ and ‘Recordak’ 
machines. A new model of the latter enables both 
sides of a sheet of printed material to be recorded 
side by side on a strip of film in one passage through 
the machine. 

These firms also showed examples of radiography, 
colour transparencies and prints, etc., illustrating 
their uses in various fields. Ilford, Ltd., had a compact 
processing unit for 35, 45, 60 and 70 mm. film, 
which should be very useful to laboratories which 
employ oscillograph recorders, etc. 

On other stands a wide variety of photographic 
equipment and chemicals could be seen: cameras 
(still and ciné), lenses, lighting units, timers, printers, 
enlargers, etc. John Hadland and Co. offered a 
complete service for high-speed photography. Many 
stands offered projectors for still and ciné pictures, 
with and without a commentary in sound for instruc- 
tion, sales promotion, demonstration and advertising. 
R. J. HErcocx 
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CHELSEA COLLEGE OF SCIENCE AND TECHNOLOGY 
7 NEW BUILDING 


NEW wing was opened at Chelsea College of 

Science and Technology on April 28 by Lord 
Adrian. The building was planned a number of years 
ago before the status of the College was changed and 
is thus relatively small and does not allow for any 
increase in social amenities for the College. Plans 
for further buildings on adjacent sites which will 
provide residential and social accommodation as well 
as a completely new Department of Chemistry are 
already well advanced. A new independent College 
of Art is also to be built opposite the present College 
building. In due course the School of Art, which 
now forms part of the College, will occupy the new 
building and release accommodation which will be 
adapted for use by the remaining departments of the 
College. 

The present extension, which provides an additional 
floor area of 17,913 sq. ft., takés the form of a four- 
story block running roughly from east to west and 
facing north to Chelsea Square, with a two-story 
addition facing inwards to the courtyard of the 
College. A gap on the second floor of the old West 
Wing has also been closed by the building of a new 
zovlogical laboratory and a smaller staff research 
laboratory. The main new building provides a 
laboratory, lecture room, and two store-rooms for 
physics, six classrooms, staff and office accommoda- 
tion for mathematics, a large teaching laboratory, 





two research laboratories, a balance room and a 
lecture room for chemistry, and a studio, lithography 
room, store and students’ rest room for art. A new 
students’ common room is also provided, but this 
and the new Art School accommodation is merely 
exchanged for equivalent space vacated for use by 
the Department of Botany and Zoology and the 
College Library. Other rooms vacated by depart- 
ments occupying the new wing will also be adapted 
for use by the School of Pharmacy and the Depart- 
ments of Geology, Physiology and Pharmacology. 
In introducing Lord Adrian, the chairman of the 
Governing Body, Mr. John Townsend, directed 
attention to the fact that the College was the only 
college of advanued technology which did not possess 
an engineering department and the only one which 
did possess a department of physiology. Lord Adrian 
referred to the important and expanding fields of 
training and research which come within the scope 
of the work of the College. While the need for many 
more trained engineers was well recognized, there 
was some danger of neglect of the biological side. 
Chelsea was well placed, with its large School of 
Pharmacy and its other science departments, to help 
in satisfying this need. He likened the present boom 
period for science to the time when Gresham College 
was founded in the City of London and the Royal 
Society began its existence. At that time there was 
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no clear distinction between science and technology 
and many famous men exemplified the union of the 
two in their own work. The distinction began to be 
emphasized in the nineteenth century but now it was 
growing out of date again; advances could come 
from either direction—the demand for a prettier 
stocking might lead to new theories of molecular 
structure or the new theories might lead to new 
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fabrics. He congratulated the students of the College 
on having chosen a scientific career at this exciting 
period of expansion and emphasized the great 
possibilities that lay before them. 

After declaring the extensions open, Lord Adrian 
inspected the new buildings, and the whole of the 
College was thrown open to visitors. 

N. M. H. Lieutroor 


ADMISSION OF STUDENTS TO UNIVERSITIES 


NE of the most notable contributions in the 

report* of the vice-chancellor of the University 
of Birmingham for 1958 is his account of admissions 
procedure. Students are chosen by the faculty 
admission tutors in consultation with the heads of 
departments. The process goes on from January 
every year (or earlier) until September. Applications 
come from all over Britain, and from overseas, in 
numbers far exceeding the available places. Many 
are from candidates simultaneously applying to other 
universities as well, often with a preference for 
Oxford or Cambridge. They furnish school] records, 
and headmasters’ and headmistresses’ assessments ; 
many of them are brought to the universities for 
interview. More often than not the crucial informa- 
tion about applicants, namely, their performance in 
the ‘A’ level examinations for the General Certificate 
of Education, is not available until mid-August, but 
it is impracticable to leave all decisions until that 
late date. Tentatively, at least, the university must 
make most of its choice before then, while the 
candidate also wants to exercise his choice among 
universities. The result is that a complicated and 
haphazard system of provisional offers of admission 
has grown up, in which the universities compete for 
what they think are good candidates and the candi- 
dates compete for what they think are good univer- 
sities. The universities often keep the candidates 
on tenterhooks and the candidates sometimes treat 
the universities in cavalier fashion. 


* University of Birmingham. Report of the Vice-Chancellor and 
Principal for the Calendar Year 1958. Pp. 26. (Birmingham: The 
University, 1959.) 


The position has grown worse in the past three 
years, and threatens to grow worse still as numbers 
and competition increase. No smooth and tidy 
system seems possible so long as General Certificate 
examinations are held in June and university sessions: 
begin in October ; if those events were to be separated 
by a longer interval of time, no one can think how 
to occupy the boys and girls during that interval, 
short of imposing some kind of civilian national 
service. In studying the difficulty, however, the 
Committee of Vice-Chancellors and Principals con- 
cluded that it could at least be mitigated, and in 
June 1958 the Committee made a series of recom- 
mendations to the universities (other than Oxford 
and Cambridge) designed to smooth the path of 
university applicants to a considerable extent. It 
asked, among other things, that application forms 
should be simplified and made more nearly uniform ; 
that heads of schools should be invited to use a 
common form for reports on candidates; that 
application and acceptance fees, and special entrance 
examinations, should be abolished; that closing 
dates for the receipt of normal applications by all 
universities should be synchronized; that  pro- 
visional offers of places should state the conditions 
in specific terms ; that candidates should be informed 
as promptly as possible where they stand, and be 
allowed reasonable time in which to accept or decline 
places offered to them. Birmingham has accepted 
these recommendations and is giving effect to them 
in 1959. If all universities do the same there is 
likely to be a substantial improvement in an in- 
herently difficult situation. 


DIRECTORY OF NATURAL HISTORY AND OTHER FIELD STUDIES 


N behalf of the Carnegie United Kingdom Trust, 
the British Association for the Advancement of 
Science has performed a useful service to many 
people in compiling a directory of natural history 
and other field societies. 

The response to 4,000 individual inquiries made by 
Dr. Averil Lysaght showed that some eight hundred 
natural history societies flourish in Great Britain 
to-day. These he carefully listod and provided with a 
geographical index so tha+ their work may be better 
known and co-ordination between them facilitated. 

The publication of the Directory, so shortly after 
the formation of the Council for Nature, reflects the 
Increased interest in natural history. As a compre- 
hensive work of reference, it has attempted to include 
all professions! and amateur societies in England, 
Scotland, Wales and Northern Ireland which are 
concerned in any way with field studies (a term 
Which provides an umbrella for a multitude of sub- 





jects from interplanetary exploration to guppy- 
breeding), or which, while not taking part in field 
work themselves, are active in publishing the results 
of such work. Medical societies have not been 
included, nor have societies devoted to horticulture, 
agriculture and forestry, nor those concerned with 
plants or animals purely for sporting or commercial 
purposes. School societies have only been listed if 
they publish some record of their work or carry out 
some special studies; it is impressive to note how 
many do fulfil these qualifications. 

Of the societies listed, those which claim to be 
specifically concerned with natural history and field 
studies form the majority, with archeology and local 
history making a close second. A considerable 
number—somewhere about 10 per cent—are occupied 
with the preservation of the countryside in the 
broadest sense. Astronomy and meteorology are 
combined in a single section; geology has a section 
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to itself, though many geologists must be numbered There is a strongly local flavour to a high pro. 
among the members of the geographical societies portion of the societies. Life membership thrives jn 


listed in the general section. 


Bird-watching and Scotland and diminishes with decreasing latitude. 


ornithology prove the most popular single subject, after London, Yorkshire boasts the largest concen. 
and the Directory reflects the growth of new types tration of societies; Lincolnshire can claim the 
of society, such as the various spelxological societies second oldest in England (ranking next to the Royal 
engaged in surveying and excavating cave systems Society), which numbered among its members 
in Great Britain; the underwater swimming clubs, Newton, Addison and Pope. Glamorgan holds the 
many of which are turning from sporting and hunting monopoly in the study of lichens, while underwater 
activities to the study of freshwater and marine life, swimmers are as bold in the north and midlands ag 
as well as the development over recent years of the in the south. The geographical index provides an 


county naturalists’ trusts. 


easy guide to the regional distribution. 


PROPERTiES OF A RECEPTOR MEMBRANE 


From THE DEPARTMENT OF FHYSIOLOGY, COLUMBIA UNIVERSITY, COLLEGE OF 
PHYSICIANS AND SURGEONS, NEW YORK 


Spatial Summation of Electric Activity in a i. decrease exponentially with the distance from the 


Non-myelinated Nerve Ending stimulated region. 
Apo removal of most of the non-nervous From the preceding results spatial summation of 
(capsular) tissue of a Pacinian corpuscle, the electric activity of independently active membrane 


sense organ’s remains, consisting mainly of a non- regions* emerges as a possible mechanism to account 
myelinated ending, continue to be as mechano- for the well-known increase in generator potential as a 
sensitive as the intact sense organ: the ending pro- function of the strength of stimulus. It was, in fact, 
duces generator potentials in response to mechanical found that the depolarization of one membrane region 
stimuli of the same order of magnitude as the intact adds up with the depolarization of another region. 
corpuscie'. This decapsulated preparation offers the In the experiment illustrated in Fig. 2 the styli of 
opportunity to study the properties of a non-myelin- two independent crystals were each applied to a 


ated nerve ending in isolation. 
The ending is accessible for 
micro-electrode recording, and 
visually selected portions of 
ending can be stimulated mech- 
anically with a crystal-driven 
stylus. The ending is straight 
and long (about 600u); two 
separate regions of ending can be 
stimulated simultaneously with 
two independently driven styli. 

When a mechanical stimulus 
is applied to a portion of ending 
by one stylus alone, an active 
response (depolarization) is de- 
tected at that region. This re- 
sponse is confined to the region 
of ending which has been stimu- 
lated mechanically, but does not 
propagate actively along non- 
stimulated portions of ending. 
Fig. 1 illustrates an experiment 
in which two micro-electrodes are 
placed in contact with the end- 
ing. A weak mechanical stimulus 
is delivered to a portion of end- 
ing close to electrode Z,. This 
causes depolarization of a region 
of membrane in the vicinity of 
the stimulating stylus which is 
recorded by electrode H,. Elec- 
trode E,, about 500u apart, still 
detects this response, but the 
peak amplitude and the rate of 
rise of the response are markedly 
reduced. By systematic scan- 
ning of the ending’s surface 
with a micro-electrode, the am- 
plitude of the response is found 
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Fig. 1. Local activity confined to a small membrane portion of ending. Two micro- 
electrodes (Z,, E,) connected to separate amplifier channels are placed in contact with 
the non-myelinated ending of a decapsulated Pacinian corpuscle. The preparation is 
pulled into a device which insulates the first node of Ranvier in contact with a common 
ground electrode from the ending. EZ, is pers at a distance of approximately 20, and 
E, at approximately 520u distance from the stimulating stylus (St). Beams 1 and 2 give 
the responses to a single mechanical stimulus as recorded by electrodes E, and F,, 
respectively. Calibration: 50V.: 1 msec. 








Fig. 2. Spatial summation of generator potentials in a single nerve ending. Styli 1 and 
2 belong to i ndent stimulating crystals which deliver stimuli to fronds. aor ag ons 
ively. 


of ending. Middle and lower beams signal stimuli of styli 1 and 2, 4 rr 

beam for generator potentials as recorded at the myelinated axon. a, s' 1 alone 

delivers one stimulus; 5, stylus 2 alone delivers one stimulus; ¢, styli 1 and 2 deliver 

each one stimulus simultaneously ; d, stylus 2 applies a stimulus 1 msec. delayed from 

that of stylus 1; ¢, stylus 1 alone delivers two stimuli succeeding each other at a delay 
of 1 msec. Calibration: 1 msec.; 50 pV. 
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different region of ending. The electric activity of the 
ending was led off by electrotonic spread from a 
myelinated portion of axon near to the ending with a 
pair of low-resistance electrodes. Such electrodes inte- 
grate current flow from the entire ending. When both 
styli deliver simultaneously a stimulus to their respect- 
ive membrane regions, summation of electric activity 
is observed (Fig. 2 c, d.) The possibility of a mechan- 
ical artefact due to mechanical spread of stimuli or due 
to mechanical summation of stimuli is excluded by the 
result shown in Fig. 2e: if two successive stimuli, 
separated by the same interval as in d, are delivered 
to the same membrane region by one stylus alone, 
the second stimulus falls on the refractory trail of the 
preceding response® and fails to evoke a detectable 
response. This experiment in addition reveals that 
the refractory state (as well as excitation) is confined 
to that region of membrane which has been activated 
mechanically, but does not spread along the ending’s 
membrane. WERNER R. LOEWENSTEIN 
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Spontaneous Fluctuations in Generator 
Potential in a Receptor Membrane 


THE receptor membrane of the non-myelinated 
ending of Pacinian corpuscles has the peculiarity that 
small regions of it can be activated independently ; 
as has just been shown, if a mechanical stimulus is 
applied to a portion of ending, the resulting active 
response (depolarization) is confined to that region 
which has been stimulated, but does not propagate 
actively to adjacent non-stimulated regions of the 
ending by local circuit excitation’. The generator 
potential of the entire ending appears to be the result 
of spatial summation of electric activity of function- 
ally independent membrane regions of a certain mini- 
mal area*. The term ‘receptor site’ will be used here 
to designate that minimal region of membrane which 
can be activated independently. The term ‘site’ is 
used in its broadest sense. It does not imply structural 
discontinuity of the membrane; it merely implies 
discontinuities in the process of activation along the 
ending’s membrane. Evidence has recently been 
given indicating that a mechanical stimulus activates 
astatistically fluctuating population of receptor sites*. 
One of the consequences of this mode of excitation, 
the existence of spontaneous fluctuation in generator 
potential, has been explored in the experiments 
described under the second heading. 

Isolated Pacinian corpuscles from the cat’s 
mesentery were stimulated with mechanical pulses 
from a piezo-electric crystal. The pulses were 
monitored photoelectrically with an accuracy of 
03 per cent. The ending’s generator potential was 
led off with an electrode placed on the region where the 
non-myelinated ending joins the myelinated axon. 
Such an electrode records the aggregate electric 
activity (generator potential) of the entire receptor 
membrane. 

When equal mechanical stimuli are applied to the 
same portion of ending, the amplitude and rate of rise 
of the resulting generator potentials were found to 
fluctuate at random around an average value. Fig. 8 
shows the fluctuations in amplitude for various 
amplitudes of generator potential. Each point of the 
curve corresponds to the mean fluctuation of 50 
generator potentials produced by equal mechanical 
stimuli. The mean amplitude of generator potential 
was increased in steps by increasing the stimulus 
strength within the linear range of the generator 
Potential-stimulus strength function, and the corre- 
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Fig. 3. Absolute fluctuation in generator potential as a function 
of amplitude of generator potential. Each point corresponds to 
the mean fluctuation (deviation) in amplitude of 50 generator 
potentials in response to equal mechanical stimuli; bars subtend 
standard error of mean fluctuation. The mean amplitude of 
generator potential is varied in steps by either (a) varying the 
stimulus strength over t’:¢ linear range of the stimulus strength- 
generator potential function ; or by (6) polarizing the non-myelin- 
ated nerve ending at constant stimulus strength. The mean 
fluctuations in generator potential obtained by procedure @ 
(black circles) and by procedure b (open circles) are plotted 
against the mean amp! eae dn a corresponding generator 
potentia! 


sponding fluctuation of generator potentials (black 
circles) was determined for each strength. _ The 
fluctuation is seen to increase with amplitude of the 
generator potential. It has previously been shown 
that the area of activated receptor membrane, that 
is, the number of active sites, increases with strength 
of stimuli applied to the ending*. An increase in 
statistical fluctuation of active sites, and hence an 
increase in fluctuation of generator potential with 
increasing stimulus strength, such as observed in the 
experiment of Fig. 3, is thus to be expected. It might 
furthermore be expected that, as a consequence of 
spatial summation, the increase in number of activated 
sites with increasing stimulus strength be steeper than 
the corresponding increase in statistical fluctuations 
of active sites. The ratio of generator potential 
fluctuations to generator potential should then 
decrease with stimulus strength. It is apparent from 
Fig. 3, and further illustrated by Fig. 4, that this 
ratio, in fact, decreases with strength over the linear 
range of the generator potential—-stimulus strength 
function. The results are thus in agreement with a 
system in which the generator potential is the result 
of spatial summation of activity of statistically 
fluctuating receptor sites. However, the possibility 
must be considered of the observed fluctua- 
tions being caused by fluctuations in mechanical 
stimuli. From the derivative of the stimulus strength— 
generator potential curve corresponding to the 
fluctuation curve of Fig. 3, it can be calculated that 
the mechanical stimuli would have to fluctuate as 
much as + 4-7 per cent to account for the smallest 
value of observed fluctuation. However, the photo- 
electric control of stimuli gives us the certainty that 
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Fig. 4. Relative fluctuation of generator potential as a function 
of generator potential. The percentage fluctuation (100 x mean 
enna ee of generator potential) is plotted against 
the mean amplitude of generator potential. Data from the same 
ending as Fig. 3 obtained in the linear range of the generator 
potential-stimulus strength curve 





stimulus fluctuations were below 0-3 per cent ; 
possible contributions of stimulus fluctuations to the 
observed fluctuations in generator potential are, 
therefore, negligible. Another possibility had to be 
considered. The fluctuations of generator potential 
may have been caused by uncontrolled fluctuations in 
mechanical coupling between crystal stimulator and 
receptor membrane. If such fluctuations were to 
increase with stimulus strength, a similar result to 
that of Fig. 3 could conceivably have been produced. 

The following experiment eliminates this possibility. 
The ending was stimulated with equal mechanical 
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pulses, while its membrane potential was increased 
to various levels by inward flowing currents. The 
generator potential increases as a function of mem. 
brane potential. The fluctuations in generator poten. 
tial could thus be studied over a range of generator 
potential without changing stimulus strength. The 
fluctuations were found to increase with amplitude 
of ‘polarized’ generator potentials (open circles) in 
the same manner as by increasing the stimulus 
strength (black circles, Fig. 3). Since under these 
conditions stimulus fluctuations remained unchanged, 
the observed increase in fluctuation of generator 
potential could not have been caused by an increase 
in fluctuation of mechanical coupling. An alternative 
possibility that constant fluctuations in mechanical 
coupling might be multiplied by a factor proportional 
to the amplitude of generator potential can also be 
dismissed : it would require that the fluctuation/ 
generator potential ratio be constant instead of 
progressively diminishing as observed in the experi- 
ment of Fig. 4. 

It may safely be stated, in conclusion, that the 
observed fluctuations in generator potential are 
due to spontaneous fluctuations of activity in the 
receptor membrane. It is interesting that the receptor 
membrane of a mechano-sensitive nerve ending 
resembles in this way the postsynaptic membrane of 
skeletal muscle, for which evidence has been given 
that electrical activity is built up statistically’. 

This work was aided by research grants from the 
U.S. National Science Foundation and the US. 
National Institutes of Health. 

Nosusapa IsHrko 
WERNER R. LOEWENSTEIN 
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NOMENCLATURE AND CLASSIFICATION OF THE TEA PLANT 
By Dr. W. WIGHT 


Scientific Department, Indian Tea Association, Tocklai Experimental Station, Cinnamara 


HE relevance of taxonomic research to the 

principles of tea cultivation is not generally 
understood : this article, therefore, directs attention 
to taxonomic investigations in India and shows their 
applicability to crop studies. 

Botanists describe the tea plant as Camellia sinensis 
(L.). The species was typified by Linnzeus with an 
illustration from Kaempfer'. Occidental interest in 
more recondite classification probably began with 
Masters*, who placed the forms now known as C. 
sinensis var. assamica (Masters) in a natural category 
with a distinct type; but he was uncertain whether 
the remaining forms could be referable to a single 
type. 

Botanists have generally recognized two taxa at 
varietal level*, defined largely by leaf-form: the 
China or type variety (C. sinensis var. sinensis L.) 
and the Assam variety (C. sinensis var. assamica 





Masters). Typically the China variety is a shrub 
with more or less virgate stems arising near the 
ground, 1-0-3-0 m. tall, with relatively small, hard. 
dark green leaves 3-6 cm. long, with a dull (matt) 
surface. Typically the Assam variety is a smal 
much-branched tree 10-15 m. tall, sometimes with a 
trunk one-third its height, with supple light green 
leaves 15-20 cm. long, with a glossy surface. ‘Typical’ 
is in the sense of botanical types of two categories of 
variants not clearly separated by heredity, and not 
geographically isolated, these being the implications 
of varietal status. In practice this classification 


results in a distinctive Assam variety with a great 
assortment of forms remaining in the China variety. 

The Assam variety is less hardy than the China 
variety but has bigger yield. Tea made from the two 
varieties differs fundamentally* and one tea cannot 
be substituted for the other. 


Subsidiary forms of 
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the Assam variety with dark and light green leaves 
are cultivated: the dark form might sometimes be 
hardier, but both make identical tea. 

Watt and Mann‘ were probably the first occidental 
writers to appreciate the need for categories smaller 
than those defined by botanical nomenclature. Varia- 
tion of tea leaves is similar to the variation of Ulmus 
leaves. In tea, Watt and Mann described provisional 
categories of leaf-form within the Assam variety and 
associated them with regions in north-eastern India. 
They wondered whether their categories were 
“natural races or not’. Number of leaf veins was 
emphasized ; but this has not proved to be a satis- 
factory criterion. 

Major geographical regions certainly differ in their 
characteristic tea populations in a way that has not 
been adequately described, but plants referable to 
all of Watt and Mann’s categories might be found 
growing together as part of heterogeneous populations 
in many places; or any one might be found separ- 
ately in some minor ecological niche on which its 
separation would depend. Nevertheless there is an 
unfounded tradition among tea planters that the 
regional names which Watt and Mann associated with 
provisional categories define scientifically acceptable 
types of tea: thus a misleading verbiage has been 
created, wrongly suggesting agronomically useful 
types called ‘Burma’, ‘Lushai’, ‘Naga’, ‘Manipuri’, 
and so on. 

A valuable dissertation by Kingdon-Ward® in- 
eludes the word ‘cambodiensis’. This cannot be 
accepted as a valid botanical name; but it was, and 
still is, used provisionally by me for the conceptual 
type of southern forms some aspects of which have 
been defined by Roberts, Wight and Wood’. 

Had arrangements been made for their reproduc- 
tion, then Watt and Mann’s leaf-forms could have 
been established as cultivars’. Vegetative propaga- 
tion has not been practised. Seed is taken from 
perennial orchards each with a distinctive ‘jat’ name. 
Over many years similar, but internally mixed, 
populations are raised from one orchard : collectively 
they are known as a ‘jat’, and this could be regarded 
as a crude approximation to a cultivar ; but one ‘jat’ 
might contain all the leaf-forms defined by Watt 
and Mann. 

The naming of cultivars is a practical convenience, 
but the names can be unperceived obstacles to further 
knowledge: for example, variables like caffeine 
content and plant size become referable to names, 
thus giving relations in which names could, with 
advantage, be replaced by mathematical variables. 
Logical treatment of cultivar names is impossible 
unless they ore arrayed in a definite order, and this 
can be achieved simply by replacing the names with 
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Fig. 1. Relation between the yield per unit area of tea bush and 
tea agrotypes defined by crystal frequency 
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Fig. 2. Relation between the area of a tea bush and tea agrotypes 
defined by crystal frequency 


a parameter characteristic of the plant: a suitable 
parameter would be an organ-frequency, such as 
number of special cells, or organs of some higher 
category. Research along these lines shows that the 
number of phloem parenchyma cells with druses of 
calcium oxalate in the leaf petiole of tea (conveniently 
called ‘crystal frequency’) enables individuals and 
populations to be placed on a genetically conditioned 
scale*®. For simplicity, metrically defined progenies 
and groups of a crop-plant can be called ‘agrotypes’?®. 
In what follows attention is directed to the utility of 
agrotypes of tea defined by crystal frequency. 

In Fig. 1, the green weight (kgm.) of tea shoots 
plucked per square metre of bush surface per year is 
plotted against the (crystal) agrotype of 12 ‘jat’ popu- 
lations (cultivars) within the limits of var. assamica. 
Each point is the mean of 1,200 bushes equally 
divided between four cultural treatments. The correla- 
tion coefficient is —0-90. The surface area of a bush 
in square metres is plotted against the same base in 
Fig. 2, the correlation coefficient being 0-78. It could 
evidently be useful to regard the yield and dimensions 
of the tea bush as functions of agrotype, and this 
concept could permit extensions of knowledge that 
might be impossible with a nomenclatural base of 
reference. Other definitions of agrotype might.some- 
times be more appropriate, but the examples suffice 
to show the utility of a metrical system of classifica- 
tion. 

Intergrades between the Assam and the China 
variety of tea are well known. In practice, inter- 
grades and putative hybrids of plants can be assigned 
to nomenclatural categories (taxa) by subjective 
judgment??.%, showing that a ‘specificness’ can be 
recognized. The ‘type’ of a taxon may be supposed 
to have maximum specificness. These notions are 
illustrated by Fig. 3, in which A and B denote the 
types of var. assamica and var. sinensis: between 
them is an array of leaf-form intergrades (nine in 
the example) based on an aggregate of vegetative 
characters in the sense indicated by Li!!. From 
A to B they look less like A and more like B. Observa- 
tions which need not be described here show that 
the general trend of crystal frequency in such an 
array would be suggested by the column heights of 
Fig. 3. The array is a ‘cline’!* with special features : 
specificness different in kind diminishes from both 
A and B towards O, where it is supposed to be zero. 
Analogous clines of Ulmus were studied by Melville*, 
but here another dimension is introduced in the form 
of crystal frequency. It follows from Fig. 3 that 
specificness of tea would be inversely related to crystal 
frequency. 
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Fig. 3. 
frequency along a cline of intergrades between tea taxa A and B 


The ‘nominal limits’ of a taxon to which inter- 
grades, putative hybrids and introgressants could be 
assigned might be from A or B to O, or just short of O ; 
‘just short’ often being a matter of personal judgment 
and anyway leaving indeterminate intergrades about 
O. With more than two taxa a manifold system of 
clines could be visualized. 

While plants in var. assamica have typically glossy 
leaves, some matt plants occur in cultivated popula- 
tions; but as integrated entities the populations 
could be within nominal limits of the taxon. Similarly, 
matt plants are typical of var. sinensis but many 
cultivated populations contain some glossy plants. 
Leaf-form agrotypes can be defined by the ratio of 
glossy to matt plants in a progeny population 
(G/M agrotype). This ratio should increase along 
the scale from B to A in Fig. 3. But, with O as origin, 
specificness increases in a positive and a negative 
direction, signifying two taxa: in one of them G/M 
would be a measure of specificness, and in the other 
M/G would be a measure of specificness. A relation 
between G/M and crystal frequency would be expected 
to differ in sign between the two taxa. Within 
nominal limits of a taxon, G/M agrotypes might 
approximate to a linear function of crystal agrotype, 
and investigation within the nominal limits of var. 
assamica (Fig. 4) has in fact shown that the two kinds 
of agrotype can be simply related to each other 
(r = 0-94). 

The taxonomic origin of tea made froin the type 
variety can be recognized at once by a taster familiar 
with tea plants; and tea made from solitary matt- 
leaf plants, not necessarily referable to var. sinensis, 
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is often described by tasters as ‘chinary’. These 
observations suggested that some important attributes 
of tea might be determined by the specificness of the 
plant from which the tea is made; and this was 
confirmed by a significant second-order regression 
between the tasters’ scores for ‘quality’ and the crystal 
frequency of the plants (unpublished). Thus both 
quality and yield can be associated with specificness, 
with the implication of important inter-relations 
between these three factors, and others such as 
pubescence’. 

Recently introduced mass selection!*, based on 
pubescence, is likely to alter the crop composition 
in north-east India ; but so far large parts of the crop 
have approximated generally to crosses and back- 
crosses between var. sinensis and var. assamica, 
Some plantations have an origin in crosses between 
var. assamica and the introduced ‘China’ material 
discussed by Masters*, part of which undoubtedly 
arose in species hybrids. Work at Tocklai has sug- 
gested three possible taxa within the Linnean species 
(C. sinensis) that could have contributed to the crop, 
and chemical investigations by Roberts e¢ al.7 show 
that the concept might be widely applicable: it 
would need to be related to the work of other taxo- 
nomists*.1%.1°, There is evidence for introgression 
from C. irrawadiensis®*. Further work at Tocklai 
(unpublished) shows that each taxon indicated by 
Roberts et al. could be typified by a distinctive floral 
morphology ; and crop surveys based on vegetative 
features show that the frequency distribution of 
intergrades between var. assamica and the type 
variety has discontinuities that would be inconsistent 
with mere varietal status of the two taxa. Although 
the recognition of taxa in which the crop may have 
originated is a theoretical necessity, it is to be remem- 
bered that taxa have no usefully distinct limits among 
crop populations: furthermore, there is no clear 
distinction between wild and cultivated tea‘. The 
situation necessitates metrical classification, and it is 
possible for this to be complementary to botanical 
nomenclature. 

While I am responsible for the point of view of the 
article, my ideas over several years have been clarified 
by discussions with Mr. P. H. Carpenter, Dr. E. K. 
Woodford, Dr. K. Biswas, Mr. J. R. Sealy, and Dr. G. 
Watts Padwick, whose interest and help it is a pleasure 
to acknowledge. 
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RADIATION BIOLOGY 


Variation of Sensitivity to lonizing Radiation 
with Age 

Tue relation between the long-term effects of 
radiation and ageing has been the subject of much 
investigation in recent years, but little quantitative 
work has been done on the variation with age of the 
effects produced by a given dose of radiation. Using 
a single dose, Abrams! found a maximum mor- 
tality-rate in mice 4 weeks old. Hursh and 
Casarett? measured the LD50 in rats of different 
ages, and found a decrease with age in the latter 
period of life ; somewhat similar results were obtained 
by Sacher* for mice. We are carrying out a systematic 
study* of the long-term effects of radiation in mice, 
with particular reference to the dependence of these 
effects on age. As part of this work, we have investi- 
gated the variation of sensitivity with age, using as a 
criterion of radiation damage the L.D50 at 30 days. 

The animals used were an inbred strain of albino 
mice (SAS/4), with a mean life of about 110 weeks. 
Except for the youngest age-groups, which were bred 
in our animal house, the mice were introduced into 
the colony at the age of 3 weeks. One week before 
irradiation they were divided randomly into cages 
of 8, the mice in every fifth cage serving as controls. 
About 400 mice—all of the same age—were used in 
each age-group, this number being divided into four 
dose groups of about 80 mice each, with the remaining 
80 as controls. The numbers of males and females 
were about equal. When the mice reached the age 
for irradiation, they were given a single whole-body 
exposure of X-rays. The source of radiation was the 
15-MeV. linear accelerator at St. Bartholomew’s 
Hospital, and the dose-rate was about 400 r./min. 

After exposure, the mice were returned to their 
cages, and deaths occurring during 30 days after the 
exposure were recorded daily. Regression lines of the 
mortality-rate versus. dose were then plotted, using 
the method of probit analysis, and the LD50 values 
thus determined. 
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Fig.1. LD50 for SAS/4 mice at 30 days as a function of age 
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Table 1 and Fig. 1 show the results obtained for 
mice over a range of ages from one day to ninety 
weeks. The standard error for each value of the 
LD50 is given in Table 1 and is indicated in Fig. 1 
by vertical lines ; it is about 2 per cent, except for 
the youngest and the oldest age-groups, where smaller 
numbers of animals were available. When comparing 
these results with those of other workers, note should 
be taken of the relative biological effectiveness of 
the 15-MeV. X-rays; in a separate experiment we 
have found that the relative biological effectiveness 
for our radiation, relative to 250 keV. X-rays, is 0-81. 














Table 1. LD50 AND COEFFICIENT OF VARIATION FOR ALL MICE AS A 
FUNCTION OF AGE 

Age LD50 Coefficient of variation 
(weeks) (r.) (per cent) 
0-14 850 + 37 119422 
1 850 + 13 641-3 
3 709 + 13 19-4 4+2-0 
4 698 + 16 25:24+2:3 
6 728 +10 15-5412 
10 826 + 20 18-8 + 2:1 
21 887 + 30 15:2 +26 
30 942 + 13 13°7 41-4 
48 | 952 + 15 149+19 
2 866+ 9 12-2 +1°1 
90 676 + 50 | 31:0 + 9-0 











The median age at death decreased slightly with 
increasing dose (about 1 day/100 r.) but showed 
scarcely any variation with the age of thé mice. 
For a dose equal to the LD50, the median age was 
11-7+0-8 days. 

The LD50 values were also calculated separately 
for males and females and the results are given in 
Table 2. It is seen that although, in general, the 
variation of [.D50 with age is the same for both sexes, 
there are some characteristic differences. The females 
appear to be slightly more sensitive to radiation when 
young, but after the age of 10 weeks they persis- 
tently show a greater resistance to radiation, the 
LD50 at a given age being about 50r. greater than 
for the males. It is interesting that the expectation 
of life of females of this strain is about 4 weeks shorter 
than that of males. 


Table 2. LD50 vroR MALE AND FEMALE MICE AS A FUNCTION OF AGE 











Age Males Females 
(weeks) (r.) (r.) 

3 702 +18 721 + 16 

4 708 + 22 690 + 22 

6 748 + 13 708 +1 
10 863 + 48 802 + 16 
21 861 + 39 912 + 51 
30 907 +14 968 + 27 
48 935 + 20 974 + 27 
72 855 +14 877 + 11 
90 641 + 35 711 + 50 














Table 1 contains the coefficient of variation, that 
is, the standard deviation for each measurement divi- 
ded by the ZD50, which is a measure of the unifor- 
mity of the response. During most of life this coefficient 
varies very little. The high value at 90 weeks may be 
spurious, but the peak at about 4 weeks appears to be 
genuine, indicating a greater variability in the 
population at that age. This was confirmed by another 
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observation. In our main experiment, on the long- 
term effects of radiation, we irradiated the mice at 4 
weeks of age and we have obtained LD50 values 
at that age on several occasions during the past two 
years and for different batches of mice. The results 
show a considerable scatter in the DD50 values, 
ranging from 620 to 785 r. (the value given in Table 1 
is the mean of these determinations). A similar 
experiment with older mice showed a very good 
reproducibility of the LD50 values. There was no 
epidemic or other cause to explain these findings, 
and we must thus conclude that at about 4 weeks, 
when the sensitivity of the mouse to radiation is 
highest, there is also a large degree of variability. 
This is one week after weaning, and so is @ period of 
adaptation to a different diet and environment. 
Our results clearly show that there is a con- 
siderable variation of sensitivity to radiation with 
age throughout life, but particularly so at a young 
age. None of the theories which have been put 
forward to explain the effects of radiation accounts 
for this variation. Blair’s* theory predicts a steady 
decrease of the LD50 with age, proportionately to 
the remaining expectation of life. The last part of 
the curve of Fig. 1 does indeed follow the trend of 
the expectation of life curve, but it is clear that at 
younger ages there appears to be another intrinsic 
factor, which affects the sensitivity to radiation. 
Experiments aimed at elucidating the nature of this 
factor are now in progress. 
Although it is imprudent to extrapolate from mice 
to men, and from acute to long-term effects, the varia- 
tion of radiosensitivity with age observed by us may 
be a general effect, and in that event it may have to 
be taken into account both in radiotherapy and in 
setting maximum permissible doses. 
We are indebted to the Nuffield Foundation and to 
the Endowment Fund of St. Bartholomew’s Hospital 
for generous grants which made this work possible. 
M. L. CrosFILL 
Patricia J. Linpop 
J. Rorsyat 

Medical College of St. Bartholomew’s Hospital, 

London, E.C.1. 
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PHYSIOLOGY 


Contraction and Relaxation in Smooth 
Muscles of Lamellibranch Molluscs 


Muscxes such as the smooth adductors of lamelli- 
branch molluscs maintain a state of tonic contraction 
with very little expenditure of energy, because 
normally tension persists long after stimulation has 
ended and the active state has decayed to zero’. As 
determined by the quick-release method*, the in- 
tensity of the active state at any instant is indicated 
by the isometric tension the muscle can re-develop 
at that instant. The tension present after the active 
state has decayed to zero may be called passive 
tension. (The latter can readily be distinguished 
from resting tension, which only appears when the 
muscle has been stretched beyond the length it can 
assume in the animal’s body’*.) 
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We have found that in a twitch mse of the 
anterior byssus retractor muscle of Mytilus, the decay 
of tension can be two orders of magnitude slower 
than that of the active state, and this also applies 
when the active state is prolonged by stimulating the 
muscle for several seconds either with direct current 
or with acetylcholine‘. From experiments with a 
variety of molluscan muscles, but particularly with 
the anterior byssus retractor muscle of Mytilus (all of 
which contain filaments showing paramyosin struc- 
ture’), it would appear that their behaviour can be 
explained on the following assumptions: (1) that the 
tension developed during the active state is due to 
the formation of linkages in a sliding-filament acto. 
myosin system®, and that linkages are also made 
which involve a second system, characterized by the 
presence of filaments with paramyosin structure; 
(2) that these latter linkages (to be called tonic 
linkages) break at a very slow rate and are responsible 
for the phenomenon of passive tension; (3) that 
activation of inhibitory nerves increases the rate at 
which the tonic linkages break. 

This explanation does not accept the ‘catch 
mechanism’ hypothesis, which holds that these 
muscles can maintain tension indefinitely without 
any expenditure of energy’, because we find that in 
the absence of further activation tension decays to 
zero, and that a steady level of tension can only be 
maintained by periodic re-excitation of the muscle, 
that is, by a tetanic mechanism. The object of this 
communication is to summarize some of the physi- 
ological evidence in support of our hypothesis. 

When the anterior byssus retractor muscle of 
Mytilus is stimulated with shocks several times 
threshold value, both excitatory and inhibitory nerves 
are activated and tension cannot be maintained for 
prolonged periods‘ (also Lowy, J., and Millman, 
B. M., unpublished results). Reduction of strength 
or frequency of stimulus gives a well-maintained tonic 
contraction (Fig. 1, @ and 6), and here inhibitory 
nerves are probably not activated. In this case the 
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Fig. 1. (@) Anterior byssus retractor muscle of Mytilus stimu- 
lated directly by square wave pulses (15 V., 2 msec.) once every 
10 sec. ; record of tension, increase upwards. (6) Same experiment ; 
after 4 min., frequency of stimulation had been reduced to one 
shock every 30 sec.; a high level of tension (4 np oe was 
maintained ; in this experiment stimulation was continued for 
30 min. (c) In similar experiments the same muscle was stret 

(within a ra of muscle le where resting tension was 
negligible) at the points A, B, C, D indicated in a and 6; this 
revealed that resistance to stretch increased during the first 

10 min. by a factor of about 4 
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resistance of the muscle to stretch increases with 
time (Fig. 1, c), suggesting (on our hypothesis) that 
the number of tonic linkages brought into action 
reaches ® maximum only gradually. 

Rapid stretch (at constant speed) of a muscle after 
the active state has decayed to zero, but at a time 
when some passive tension is still present, produces a 
large transient tension which takes several minutes 
to decay to zero. In the anterior byssus retractor 
muscle of Mytilus, the decay curve can be resolved 
into three exponential components with half-decay 
times of about 0-17, 2-2 and 45 sec. (Fig. 2). The 
time constants of the first two components are very 
close to those of the two exponential components in 
the stress relaxation curves of slow striated muscles®. 
As the filaments in striated muscle show no para- 
myosin structure, these two components are probably 
due to the actomyosin system. We have found the 
third component only in molluscan smooth muscles 
which have filaments with paramyosin structure and 
hold passive tension. The third component has a 
decay time of the same order of magnitude as iso- 
metric twitch tension, and is very likely due to the 
presence of tonic linkages. This idea is supported 
by the observations that after stimulation which also 
activates inhibitory nerves (or after treatment of the 
anterior byssus retractor muscle of Mytilus with 
5-hydroxytryptamine which may act here as the 
inhibitory transmitter®), the third component is 
absent whereas the other ‘wo components remain 
unchanged; and that relaxation in an isometric 
twitch is accelerated whereas the time of rise of 
tension is not appreciably affected. 

Further evidence for the presence of two systems 
comes from experiments in which the anterior byssus 
retractor muscle of Mytilus was stretched (at constant 
speed) during stimulation. If the stimulation also 
activates inhibitory nerves (and thus we assume 
diminishes the number of tonic linkages in existence 
at any instant) the form of the stretch curve resembles 
that given by tetanized frog sartorius muscle: @ 
rapid increase in tension, followed by @ more gradual 
rise (Fig. 3, a and b). It is conceivable that in both 
cases the fast phase is due to stretching of only the 
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Fig. 3. (a) Sartorius of frog (0° C.) stretched 8 per cent of its l 
at 0-4 length/sec. during tetanic stimulation; isometric on 
level, 1:3 kgm./cm,.*; maximum tension above isometric produced 
during stretch, 0-8 8 kgm. /om.? ; os forecepin byssus retractor muscle 
= Mytilus (20° C. ) stretched o r cent of its length at 0-24 

length/sec. during stimulation t . ave activated inhibi mond 
nerves; isometric tension-level : 5 kgm. eg 5 
tension above isometric produced ‘aunt stre 
(c) same muscle and extent and of stretch as + (bd) ; 
stimulation that did not activate mhibitory nerves (12 volts direc 
current) ; : isometric tension-level, 2-4 kgm./em nent 

ion above i tric prod d ‘during stretch, r ‘6 kgm./cm.* 
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series elastic element, the linkages of the actomyosin 
system being extremely rigid. The point of inflexion 
of the curve could mark the stage at which these 
linkages break (‘give’). The following slow phase 
might then represent the re-making and breaking of 
actomyosin linkages, and in the anterior byssus 
retractor muscle of Mytilus possibly also of some 
tonic linksges. During stimulation which does not 
activate inhibitory nerves, the tension produced 
during the slow phase of the stretch curve in the 
anterior byssus retractor muscle of Mytilus is appre- 
ciably greater (Fig. 3, c). This, and the differences in 
form of curves 3 6 and 3 c, we consider to be due to 
the presence of tonic linkages. 

Finally, the prolonged existence of these linkages 
is indicated by the observation that an anterior byssus 
retractor muscle of Mytilus stretched after stimulation 
(which does not activate inhibitory nerves) has ended, 
but at a time when some passive tension is still 
present, gives a stretch curve similar in form to that 
shown in Fig. 3c. As might be expected, the amount 
of tension produced by such a stretch decreases with 
time after cessation of stimulation—as does passive 
tension. 

Details of this work will be published elsewhere. 
The hypothesis put forward here owes much to 
discussions with Dr. Jean Hanson and is consistent 
with unpublished structural information obtained in 
this Laboratory by one of us (J. L.), Dr. Jean Hanson 
and Mr. G. F. Elliott. 


J. Lowy 
B. M. Mrriman 


Medical Research Council 
Biophysics Research Unit, and 
Wheatstone Physics Laboratory, 
King’s College, 

London, W.C.2. 

March 13. 
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Quantitative Estimation of Amineoxidase 


THE evidence linking brain function to amine- 
oxidase activity’ has stimulated a large production 
of papers*. The disagreements that have ensued* 
might well be a measure of the interest in these 
aminases. However, we attribute much of the dis- 
cord to the accepted method of studying these trace 
enzymes, namely, respirometry. The present com- 
munication shows that respirometry is an erratic 
yardstick as compared with the measurements of 
ammonia (or primary amine) released by the amine- 
oxidase reaction. The ease and accuracy of these 
latter micromethods have been shown previously*-°. 

For this study the currently popular monoamine- 
oxidases were selected. In all probability, however, 
our conclusions apply to the entire group of enzymes 
concerned with oxidative deamination. 

The reaction catalysed by monoamineoxidase has 
been written as follows? : 

RCH,NH, + H,O + O,—> RCHO + H,O, + NH, 
Therefore, in the presence of catalase, one molecule 
of oxidized substrate should release one molecule of 
ammonia and take up one atom of oxygen. That this 
is by no means always the case is shown by the two 
sets of 85 analyses summarized in Fig. 1. The two 
tests were performed concomitantly with a method 
presented previously’. Rat liver homogenate in various 
concentrations provided the enzyme and tyramine 
hydrochloric acid (100 1M) in potassium phosphate 
buffer (pH 7-4, 10-1) completed the reaction mixture. 
The temperature was 37° C. and the atmosphere was 
oxygen. The broken line indicates the stoichiometric 
relationship between net oxygen uptake and net 
ammonia evolution. Almost all the data fell below 
the line, showing that more oxygen was taken up 
than can be attributed to the monoamineoxidase 
reaction alone. An excessive oxygen uptake was 
found also when salts of tryptamine, 5-hydroxy- 
tryptamine, epinephrine, norepinephrine, phenyl- 
ethylamine, hydroxytyramine or benzylethylamine 
were used as substrates. 

Several rat organs were tested in this fashion. The 
oxygen uptake was excessive to a variable degree. 
For example, in one experiment, liver and brain 
homogenates were compared. The O/NH, ratio for 
liver was 3-7 and for brain 1-9. Dark pigments were 
always formed when liver was tested, but these could 
not be discerned with brain. 
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Longer periods of incubation resulted in more 
pronounced oxidative excess. Fig. 2 shows that dur- 
ing the first few minutes of the reaction a surprisingly 
low oxygen uptake relative to the ammonia evolved 
may be observed. The broken line again indicates 
the stoichiometric relationship. Indeed, in experi- 
ments not illustrated here the O/NH, ratio was 0:3. 
(We had shown earlier* that no fixation of added 
ammonia can be detected under the conditions of 
these tests. In addition, whenever a limited amount 
of substrate was allowed to be completely deam- 
inated, the recovery of ammonia was quantitative, 
while the oxygen uptake has varied.) Tentatively we 
have attributed this low O/NH, ratio to the lower 
sensitivity of the respirometer as compared with the 
ammonia measurement*.*.”, It has to be conceded, 
however, that these results might indicate the exist- 
ence of an entirely separate deamination reaction 
which precedes oxidation. Also, the large spread 
of the data presented here suggests that the two 
processes might not be entirely linked. Regardless 


- of the favoured explanation, it is evident from Fig. 2 


that the uptake of oxygen became increasingly 
higher relative to evolution of ammonia with the 
advent of time. 

Since secondary reactions contribute such a large 
proportion of the oxygen uptake, they may well 
determine the final score in studies of activation and 
inhibition of this enzyme. The discrepancies between 
two studies of intracellular localization** are prob- 
ably due to differences in technique and suggest that 
respirometry might yield a distorted picture of this 
enzyme’s partition in tissues. 
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An investigation was aimed at possibly eliminating 


the excess Oxygen uptake. Several inhibitors were 
tested for their capacity to diminish specifically the 
oxygen uptake, but these experiments will be pub- 
lished separately. It is sufficient for the present argu- 
nent to note that in experiments overlapping those 
of Creasey’ there was essential agreement: precise 
widition of selected inhibitors may force the oxygen 
uptake almost to obey stoichiometry. 

In conclusion, it seems obvious that the techniques 
for determining ammonia*.*.? would provide a more 
specific yardstick for the monoaminoxidase activity 
of tissues than does the popular respirometry. The 
latter may be coached to yield almost stoichiometric 
results, but the necessary chemical tour de force pro- 
duces a complex and rigid system. 

This work was supported by the U.S. Atomic 
Energy Commission. 

GEORGE C. Corzias 
JAMES J. GREENOUGH 


Medical Research Center, 
Brookhaven National Laboratory, 
Upton, New York. 
March 12. 
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A Rare Variant of B in a Human Blood 
Sample belonging to Group AB 


DuRING routine blood-group examination of healthy 
persons, one of the blood samples tested was found 
to exhibit unusual properties. The potent anti-A 
and anti-B test sera used agglutinated the erythro- 
cytes quite well, whereas the serum of this AB blood 
(subgroup A,B) reacted weakly at room temperature 
with B cells. The irregular agglutinin was no more 
active at 37°C. and reacted better at 4°C. (titre 8) 
than at 20°C. No auto-agglutination was observed. 
At 4°C. the serum agglutinated all of 15 B but 
neither 20 A nor 15 O cells samples simultaneously 
tested. The B specificity of this agglutinin was con- 
firmed by absorption experiments with B erythro- 
cytes and with purified blood group B substance. 
The B specificity of the agglutinogen in Mrs. Br.’s 
ceils was ascertained by studying the action of several 
A and AB sera on them; the agglutinating action 
of A sera did not occur after absorption by normal 
B cells or purified B substance. The ‘Br.’ cells sig- 
nificantly absorbed the anti-B agglutinin in normal 
A sera, but less, however, than did A,B cells used as 
control, and released it after elution more completely 
than did these A,B cells. The ‘Br.’ cells were agglut- 
inated by anti-H eel serum nearly as well as group 
Ocells. The ‘Br.’ saliva inhibited the anti-A agglutinin 
at @ high dilution, and the anti-B and anti-H agglu- 
tinins when more concentrated. Its inhibitory 


action on anti-H was not weaker than that of an 
A; control. 


NATURE 


Marie J. 


AB ani-6 

Liles H. 
M.L.LL. 

OWBeais 





LI 


Marie H. 
ABai.8 
M.Th. Br. 


Nu Dtner 
One anti-B 
aw 


Fig. 1 














0 
Aibas 


This unusual subgroup was found in the blood of 
four other members of Mrs. Br.’s family. The four 
samples, belonging to the AB group, showed the 
same serological pattern as the ‘Br.’ blood. The 
irregular anti-B agglutinin was present in their 
serum, at a titre of 4 to 16 (at 4° C.). The four 
samples of saliva contained A, B and H substances 
but did not inhibit Mrs. Br.’s anti-B agglutinin. 

The variant of B here described is quite different 
from the recently published cases of very weak B 
agglutinogens!-*. It would probably more likely 
resemble the case reported by Formaggio®’ (whose 
serum contained also an anti-B agglutinin) and 
perhaps those found in Pakistan by Boyd‘. In 
considering its serological character, it appeared to 
us that it behaved in a way very similar to that of 
A, within the A group. 








J. MouLLEc 
Centre National de Transfusion Sanguine, 
6 rue Alexandre-Cabanel, 
Paris 15¢. 
P. Le CHEVREL 
Poste de Transfusion, 
Vire, Calvados. 
1 Makeli, O., and Makeli, P., Ann. Med. Exp. Fenn., 38, 33 (1955). 
Bee Sutton, E., and Burgada, M., Rev. Hématol., 10, 574 
3 Levine, P., Celano, M., and Griset, T., Sixth Congress Internat. Soc. 
Blood Transf., Boston, 132 (1956). 
* Duestay I., Stacey, S. M., and Yokoyama, M., Nature, 178, 1167 


5 Formaggio, T. G., Fourth Congr. Internat. Soc. Blood Transf., 
Lisbonne, 330 (1951). 
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Pressor Amines and Neuroblastoma 


Isaacs, Medalie and Politzer! describe three cases 
of neuroblastoma in children in whom the 24-hr. 
excretion of noradrenaline in urine was 200-300 ugm. 
This is not a vast amount but may be abnormally 
high. The suggestion was that neuroblastoma is a 
tumour which, like pheochromocytoma, secretes 
pressor amines. On March 23, 1959, I obtained, by 
courtesy of Dr. P. T. Bray, a specimen of tumour 
infiltrating the left kidney, taken by Mr. H. Wade 
from a boy aged nine years at East Glamorgan 
Hospital, Church Village, Glamorgan, and kept 
frozen. This tumour was reported by the histo- 
pathologist to be typical neuroblastoma ; the whole 
specimen weighed approximately 450 gm. of which 
some 300 gm. was tumour. 50 gm. was excised from 
the region which had been used for histology, cut 
up fine and homogenized with 50 ml. of water con- 
taining 5 mgm. ascorbic acid. This was spun at 
3,000 r.p.m. for 15 min. and the supernatant ex- 
amined on the blood pressure of the spinal rat in- 
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jected with atropine and a ganglion blocker. Such 
a@ preparation responds to adrenaline 0-1 ygm., 
noradrenaline 0-05 pgm. or 5-hydroxytryptamine 
3 ugm. with a pressor response. 

The average of three assays indicated that the 
supernatant contained pressor activity equivalent to 
0-25 ugm./ml. of noradrenaline. The supornatant 
also caused the smooth muscle of isolated guinea pig 
to contract smartly, in the presence of atropine 
sulphate 10-? and mepyramine malleate 10-7. This 
activity was reduced by lysergic acid diethylamide 
pari passu with that of added 5-hydroxytryptamine. 
The pressor action in the rat was also reduced but 
not abolished by LSD25. A dibenamine-like drug 
in & dose sufficient to abolish the pressor action of 
adrenaline, reduce that of noradrenaline but only 
in @ dose sufficient to abolish the pressor action of 
adrenaline, reduce that of noradrenaline but only 
slightly affect that of 5-hydroxytryptamine reduced 
the effect of the extract. 

The conclusion reached is: (a) this neuroblastoma 
contained pressor substances; (b) these iaclude 
noradrenaline and possibly adrenaline and 5-hydroxy- 
tryptamine ; (c) the amount is small compared with 
pheochromocytoma. 

J. D. P. Granam 

Department of Pharmacology, 

Welsh National School of Medicine, 
Cardiff. April 1. 


3 leaceban:’ Medalie, M., and Politzer, W. M., Brit. Med. J., i, 401 


Histochemical Changes in the Epiphyseal 
Cartilage during Rickets 


IN a previous communication', a method was 
described for staining the sites of the initiation o! 
calcification in bone and teeth. This method con- 
sisted in treating the tissues with hot pyridine for 
24 hr. prior to decalcification and then staining with 
sudan black. Sudan black stained the matrix 
around the hypertrophic cells in the epiphyseal 
cartilage just before these cells are removed by 
capillary erosion. 

In order to test the hypothesis that the sudanophil 
material was concerned with calcification, rats with 
florid rickets have been examined. They were put 





of rachitic rat, stained with sudan 
hot pyridine. No staining of the 
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Fig. 2. Upper tibial epiphysis of rachitic rat, 7 days after dosage 
with 30 1.0. of vitamin D. Stained with sudan black after treat- 
ment with hot pyridine. Note re-appearance of sudanophil 
material in the matrix between the hypertrophic cells. (x c. 150) 





Fig. 3. Upper tibial epiphysis of old rat stained with sudan black 

after treatment with hot pyridine. The cartilage matrix does 

not stain, but the cartilage cells are filled with sudanophil 
granules. (x ¢. 150) 


on the Steenbock—Black diet? when they weighed 
50-60 gm.; 28 days later some were killed and others 
received one dose of 30 1.U. of vitamin D and were 
killed at daily intervals thereafter. The upper tibial 
epiphysis was examined by the method described 
above. 

No sudanophil material was found in the epiphyseal 
cartilage of rats with untreated rickets (Fig. 1), but 
after dosage, the sudanophil material returned to 
the cartilage (Fig. 2) at the same time as calcification 
recommenced, as visualized by the von Kossa tech- 
nique. In later stages, the material stained with 
silver extended deeper into the metaphysis as healing 
progressed ; but at all times sudan black stained only 
the matrix around the cells where calcification was 
starting. 

These observations confirm the previous con- 
clusion that the sudanophil material is intimately 
concerned with calcification. Experiments to be 
reported elsewhere have shown that under appro- 
priate conditions the methylene blue extinction of 
the sudanophil material is lower than pH 2°, 
indicating a highly acid mucopolysaccharide. 

The upper epiphysis of the rat tibia does not close 
when growth stops, but is sealed off by a bony plate. 
The cartilage matrix no longer stains with sudan 
black, but the cartilage cells are full of sudanophil 
granules (Fig. 3). The same is often seen in the 
hypertrophic cells of rachitic cartilage, and possibly 
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the cells store this substance when calcification does 
not or cannot take place. 
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Department of Experimental Odontology, 
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Electrophoretic Patterns of the Serum 
Proteins of Sheep infected with Hamonchus 
contortus 


THE subcutaneous injection of living H. contortus 
into worm-free sheep appeared to provide partial 
protection against subsequent challenge’. Changes 
in the electrophoretic pattern of the serum proteins 
might be expected*-*, and the appearance of the 
pattern has been followed. 

Sera from sheep, untreated control (3), injected with 
dead larvee (3), and injected with live larve (3) were 
collected prior to injection, after two injections and 
subsequent to challenge. No change in the electro- 
phoretic pattern by filter paper electrophoresis was 
apparent. In a more detailed quantitative study by 
column electrophoresis’ two of the animals infected 
with live larvee showed a slight (1 per cent) increase 
in §-globulin. No increase in y,- or y.-globulin was 
observed. 

The experiment was repeated with a further six 
sheep all of which became refractory to re-infection as 
a result of successive injections followed by challenge 
doses. The electrophoretic patterns of the serum 
proteins from three animals showed a pronounced 
intensification of the B-globulin. There was a less- 
marked change in one animal; and the pattern in 
the two others remained unchanged. 


D. L. Movuxip 
P. H. SirverMAn* 
Animal Diseases Research Association, 
Moredun Institute, 
Gilmerton, 


Edinburgh, 9. 


* Present address: Allen and Hanburys, Ltd., Ware, Herts. 
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*Leland, 8. E., Lindquist, W. D., and Lillevik, H. A., Exp. Parasit., 
4, 208 (1955). 

‘Kraut, N., J. Parasit., 42, 109 (1956). 

‘Sadun, E. H., Norman, L., and Allan, D., Amer. J. Trop. Med. 
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Pharmacology of a Tranquillizing Principle 
in Paspalum scrobiculatum Grain 


Paspalum scrobiculatum Linn. (Fam. Gramineae ; 
name in Marathi language, harik) is cultivated in 
various parts of India for the grain, which forms the 
staple diet of the poor rural population. One variety 
of this plant yields a toxic crop after a favourable 
rainfall. The toxin is believed to reside in the husk 
of the grain. The grain of such a crop is detoxified 
before use by a special process. 

The grain was kept in ethanol at room temperature 
for 1-2 days. The ethanol extract was evaporated 
to dryness by heating on a water-bath. The dry 
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residue was thoroughly mixed with dilute hydro- 
chloric acid. The dilute acid was then separated 
from the undissolved portion and dried by heating 
on a water-bath. The residue or active fraction was 
dissolved in distilled water before use. 

The original active substance is soluble in boiling 
water, acidified water, ethanol, chloroform and ether. 
It can be partly extracted from alkaline aqueous 
phase by ether. Thus it behaves like an alkaloid. It 
is biologically active after keeping in strongly acidic 
or alkaline media even at 100°C. Aqueous solution 
of the active fraction (which appears crystalline under 
the microscope) gives green fluorescence in ultra- 
violet light. Two samples of grain gave yields of 
0-025 and 0-066 per cent of the active fraction 
respectively. The active fraction does not give the 
colour reaction suggested by Sundaram Ayyar and 
Narayanaswamy*. (In their animal experiments those 
authors observed only tremors and death.) 

Various samples of grain (comprising from 1 to 
50 gm.) and the various fractions of extraction were 
added to the diet of 11 dogs in 53 experiments. The 
active fraction, prepared from samples of 1-50 gm. 
of grain, was also administered by intravenous or 
intraperitoneal injection into 6 dogs in 33 experi- 
ments. 

Oral administration produces tranquillity and lack 
of interest in the environment. The dogs sit quietly, 
crossing the forelimbs and looking vacantly into 
space. Hostile dogs become much less aggressive. 
Larger doses cause tremors, rigidity of face, trunk 
and limbs not unlike human Parkinsonism. There 
was no miosis of the eye in these animals. The 
effects usually persist for 6—8 hr. 

In 5 dogs and 2 cats, after anesthesia, intravenous 
injection of the active fraction did not produce any 
relevant change in blood pressure and respiration, 
except depression of the carotid sinus reflex in 
2 dogs and 1 cat. 

In 10 rabbits, 11 guinea pigs, 4 cats and 21 albino 
rats, the active fraction produced definite tranquillity. 
In rabbits larger quantities produce clonic con- 
vulsions and death. 

The effect of the active fraction on hexobarbitone 
sleeping time was studied in mice, following the 
technique of Brodie et al.1. The hexobarbitone sleep- 
ing period was significantly (t-test, P < 0-01) pro- 
longed in mice after injection of the active fraction 
(Table 1). 

Like reserpine and chlorpromazine, the active 
fraction produces tranquillity and symptoms of 
‘Parkinsonism’ in dogs. Unlike chlorpromazine, 
reserpine produces parasympathomimetic effects and 
release of 5-hydroxytryptamine from the central 
nervous system. The active fraction does not pro- 
duce clear-cut parasympathomimetic effects (such as 


Table 1. HEXOBARBITONE SLEEPING PERIOD IN MICE 
Hexobarbitone, 100 mgm./kgm. intraperitoneally. Active fraction 
given } hr. before hexobarbitone 














Drug | Source of Sleeping time No. of 
| active fraction | (min. + S.D.) mice used 
Control (hexo- 
rbitone) 23+ 65 17 

Active fraction 6 gm. grain 47 + 23-4 6 

+ hexo- 12 gm. grain 101 + 38:0 14 

barbitone 24 gm. grain 123 + 12-9 7 
Active fraction + 

hexobarbitone 53 + 83 12 
Active fraction + 

hexobarbitone 

2 days later | 50 + 11-3 11 
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Table 2. HEXOBARBITONE SLEEPING PERIOD IN MICE 
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Drug Sleeping time No. of 
(min. + S.D.) | mice used 
Geatest (hexobarbitone) 19+ 7:3 32 
oe + hexobarbitone 60 + 14-0 21 
Hexobarbitone, 1 day later 17+ 67 32 
Reserpine + hexobarbitone, 2 days 
after | first injection 17+ 60 22 
Chlorpromazine + hexobarbitone 45+ 72 13 
Chlorpromazine + hexobarbitone, 
after 2 days 44411°8 12 
miosis). A much simpler experiment is therefore 


to test whether it releases 5-hydroxytryptamine 
from the central nervous system. Mice received 
intraperitoneally chlorpromazine or reserpine or the 
active fraction, followed by hexobarbitone, and their 
sleeping time was noted. Two days later the same 
mice received the same substance, and hexobarbitone 
and the effect on sleeping time was again noted. 

The active fraction and chlorpromazine when 
re-administered after 2 days were still active in 
prolonging the hexobarbitone sleeping time, whereas 
reserpine, which depletes the central nervous system 
of 5-hydroxytryptamine for about 5 days (Shore 
et al.*), was inactive in prolonging sleeping period in 
mice after 2 days (Table 2). 

Further work is in progress. 

N. K. Boer 
Department of Pharmacology, 
All India Institute of Medical Sciences, 
P.O. Box 3010, 
Safdarjang, 
New Delhi 16. 
R. A. AIMEN 
Department of Pharmacology, 
B. J. Medical College, 
Poona 1. 
? Brodie, B. B., Shore, A. A., and Silver, S. L., Nature, 175, 1183 (1955), 
* Shore, P. A., Pletsher, A., Tomich, E. G., Carlsson, A., Kontzman, 
R., and Brodie, B. B., Ann. New York Acad. Sci., 66, 609 (1957). 
8 a Ayyar, K. V., and Narayanaswamy, K., Nature, 163, 912 


Spore Germination in Agaricus campestris 
L. ex Fr. 


THE presence of growing mycelium of Agaricus 
campestris in medium containing spores of this fungus 
has been shown to stimulate germination'.*; but 
there are no reports of a detailed analysis of the effect. 

Recent experiments here have shown that a 
volatile metabolite secreted by the mycelium is a 
stimulating factor. This was first demonstrated by 
showing that spores held on a nutrient medium in the 
air above actively growing cultures of the fungus, or 
above medium taken from such cultures, germinated 
better than those held above uninoculated control 
medium. 

The presence of a volatile metabolite was con- 
firmed by drying gases from cultures with phosphorus 
pentoxide, and passing them through a container 
cooled in liquid air. A crystalline product was 
obtained which was a volatile liquid at room 
temperature. The germination of spores on nutrient 
media was strongly stimulated by the presence of an 
aqueous solution of this material in the same 
container, but not in contact with them. 
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.) administered 1 hr. before hexobarbitone 
nistered intraperitoneally. Only hexobarbitone 
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Analysis of this material by means of a mass 
spectrometer has shown the presence of an olefin 
which is probably 2 : 3-dimethyl-l-pentene. No other 
compound has been detected during this analysis, 
It has not yet been possible to obtain synthetic 
material for testing, but it appears likely that this 
substance is the stimulating factor. 

These observations seem of interest in relation to 
the many reports* of the production of unsaturated 
hydrocarbons by plant organs. In many of these 
cases the gas has been identified as ethylene, but 
the tests used have not usually been sufficiently 
rigorous to exclude the presence of other olefins’. 
Trimethylethylene has been reported as a self. 
inhibitor of germination of spores of Puccinia graminis 
var. tritici’, These observations may also relate to 
the reports of a volatile substance which inhibits 
strand formation and fruit-body formation if it is 
allowed to accumulate in mushroom beds**. 

The work is continuing and a detailed report will 
be published elsewhere. 
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BIOCHEMISTRY 


a-Helices and a New Polypeptide Fold in 
Poly-6-Benzyl-L-Aspartate 


In Moffitt’s expression for the variation of the 
optical rotation of an L-polypeptide in the «-helical 
form with wave-length'*, the constant 6, has 
been found to have values between — 400 and 
—700 deg. cm.*/decimole; the negative value 
is certainly associated with a right-handed screw 
sense in poly-t-alanine*. Recently, values up 
to 631° have been reported for poly-§-benzyl-t- 
aspartate ((CO.NH.CHCH,CO.OCH .C,H,],) in chloro- 
form solution by Blout and Karlson‘. This positive 
value of b, may indicate either the ‘structural’ 
anomaly of a left-handed screw sense, or alternatively 
an ‘optical’ anomaly due to interaction between 
peptide and side-chain chromophores or consequent 
upon some minor structural peculiarity. We have 
confirmed the anomalous result and have examined 
the polymer by a variety of techniques. 

Direct evidence as to the configuration of the 
polymers exists only for the solid state. Films cast 
from chloroform solution and oriented by stroking 
give an X-ray diffraction pattern which is undoubtedly 
that of the «-helix, with a meridian reflexion at 
1-5 A. 

We have measured the residue rotation and cal- 
culated b, (assuming 2, to be 2120 A., as in poly-y- 
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Table 1. PROPERTIES OF POLY-$-BENZYL-L-ASPARTATE 
le : Pe 
| Preparation | Solvent Nspie* | bot [Ryac.'5461T 
“7B OC | o-t10 | —257° ~26 8° 
412A /€ Dichloracetic 0190 | — 282 —29-4 
| 429A acid | 458 — 260 —28°1 
4290B 0-544 —250 —28°5 
417B j | | co — 
2A } | +32 —1 
4204 or Creel: | pS aie 
: 429B | +534 —150 
| 417B | big —215 
| 4124 ‘ + —250 
4294 | Chloroform +660 268 
429B +665 —274 
417B | Film cast from chloroform | —3,560 +290 
t 1 











*¢ = 0°5 gm./100 c.c. 
t Optical rotations measured at 20° C.; 
cent w/v or less. 


concentrations 0:5 per 


benzyl-L-glutamate) for a number of preparations 
of poly-8-benzyl-L-aspartate of different molecular 
weights, in solvents of different polarity. A repre- 
sentative selection of these results is given in Table 1, 
together with viscosities measured in dichloracetic 
acid, which give a measure of molecular weight. In 
dichloracetic acid the values of by and [Ryac.] are 
not correlated with molecular weight. In m-cresol 
these quantities change greatly in magnitude and 
also in sign, and in chloroform a less dramatic but 
still significant change may be seen. In both these 
solvents a limiting value has been approached in the 
two specimens of highest molecular weight. We take 
this to mean that in dichloracetic acid the polymer is 
ina random, solvated coil in spite of the high value of 
b,. In chloroform and to a lesser extent in the more 
polar m-cresol, a fraction of the polymer must be in a 
helix, the specimens of higher molecular weight being 
almost entirely in this form. This is reasonable, but 
the values of b, are unlike those in poly-y-benzyl-L- 
glutamate ([CO.NH.CHCH,CH,CO.OCH,C.Hs]n) in 
three respects. As mentioned above, b, is positive 
in the helix form. Secondly, it differs considerably 
from zero in the random coil form and finally it 
changes sign and becomes numerically very much 
greater in films cast from a non-polar solvent. Films 
of poly-y-benzyl-t-glutamate are found to have a 
value of b, of approximately the same magnitude 
(and negative sign) as solutions containing «-helices 
of that polymer. It is evident that some kind of 
optical anomaly is present in the aspartate polymer, 
but nevertheless the positive value of b, may mean 
that the helix has a left-hand screw sense. 

We have measured the rate of replacement of NH 
by ND in a solution of poly-§-benzyl-L-aspartate in 
methylene chloride containing 1 per cent (v/v) of 
Q-deuterated acetic acid. The rate is many times 
greater than that for poly-y-benzyl-L-glutamate (of a 
similar reduced viscosity in dichloracetic acid) under 
similar conditions, leading to the conclusion that the 
helical configuration of the aspartate polymer is less 
stable than that of the glutamate. 

Further evidence of this comparative instability is 
provided by the behaviour of solid films on heat 
treatment. Oriented films of the «-form of poly-y- 
benzyl-t-glutamate are stable to heating in vacuo 
at about 170° C. for some hours, becoming more 
crystalline’. Similar treatment of the aspartate 
polymer, however, produces @ specimen in which the 
X-ray diffraction pattern is replaced by a completely 
hewone. This new form (which we propose to call the 
®-form) has a tetragonal (not hexagonal) unit-cell 
base, and a meridian reflexion at 1-3 A., but none at 
15 A. The five layer lines observed correspond at 
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least approximately to orders of a strong layer line 
at 5:2 A. The infra-red dichroism of the peptide 
bands is not appreciably altered by the heat treat- 
ment, so that the new form is probably produced with 
little change in the atomic positions within one 
residue. <A fold described by Bragg, Kendrew and 
Perutz® as 4,,, topologically similar to the «-helix 
(being formed by the same 13-membered hydrogen- 
bonded rings) but with amide groups not quite 
planar, may be found to fit the new X-ray pattern. 
This fold has a residue repeat of about 1-3 A., and 
having a four-fold screw axis would be expected to 
pack tetragonally. The measured density of the 
heated polymer is 1-31 gm./e.c., in satisfactory 
agreement with the crystallographic density 1-36 
for a tetragonal unit cell with a, = by = 13-85, 
Cy = 5-2 A. containing four residues. 

The reason for the instability of the «-helix in the 
aspartate polymer is probably connected with inter- 
action between the peptide groups and the side- 
chains. In the new form the ester C=O band is at 
1,727 cm.-!, while in the a-helix form it has the 
usual frequency 1,737 cm.-1; it has also acquired 
appreciable parallel dichroism. The peptide C—O 
band, on the other hand, is at 1,664 cm.~! and 1,675 
cm.—! in the «-helix and new forms, respectively. 
These peptide C=O frequencies are higher than any 
so far reported for polypeptides made from a single 
optical isomer. When the heat-treated polymer is 
dissolved in chloroform, it is found that films cast 
from the solution have infra-red spectra identical 
with those of the unheated films. 

E. M. BrapBury 

L. Brown 

A. R. Downte 

A. ELLIotTr 

W. E. Hansy 

T. R. R. McDonatp 

Research Laboratory, Courtaulds, Ltd., 
Maidenhead ; 
and 
Acetate and Synthetic Fibres Laboratory, 
Courtaulds, Ltd., Coventry Works. 

1 Moffitt, W., Proc. U.S. Nat. Acad. Sci., 42, 736 (1956). 
* Mone and Yang, J. T., Proc. U.S. Nat. Acad, Sci., 42, 596 
* Elliott, A., and Malcolm, B. R., Proc. Roy. Soc., A, 249, 30 (1958). 


‘ Blout, E. R., and Karlson, R. H., J. Amer. Chem. Soc., 80, 1259 
(1958); corrected value of 6, given in same reference, p. 6701. 


5 Bamford, C. H., Elliott, A., and Hanby, W. E., “Synthetic Poly- 
peptides”, 264 (Academic Press, Inc., New York, 1956). 


* Bragg, W. L., Kendrew, J. C., and Perutz, M. F., Proc. Roy. Soe., A, 
203, 321 (1950). 


Effects of 2 : 4-Dinitrophenol and Other 
Agents on the Swelling of Isolated 
Mitochondria 


We have offered evidence! that, under various 
conditions, the swelling of isolated rat-liver mito- 
chondria is dependent on the presence of oxidizable 
subtrates. For example, if the particles are stored for 
one day in 0-44 M sucrose at 0° C. (‘aged’), phosphate 
or thyroxine no longer causes them to swell unless 
certain oxidizable subtrates, for example, 8-hydroxy- 
butyrate, are added as well. Reasons were given for 
supposing that, in many circumstances, swelling is 
dependent on mitochondrial respiration. We sugges- 
ted that, in view of the stabilizing action of 0-1 
mM 2 : 4-dinitrophenol*, any effect of respiration on 
swelling may be exerted through coupled phosphoryl- 
ation (see also ref. 3) ; however, after a more extensive 
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Figs. 1-4. Swelling of mitochondria at 20°C. All cells contained 
10 mM phosphate, 25 mM tris chloride buffer pH 7-5 and 0-3 M 
sucrose. Fig. 1. 2:4-Dinitrophenol added initially; fresh 
mitochondria. Curve A, 0-1 mM dinitrophenol; curve B, 
0-02 mM dinitrophenol] ; curve C, control. Fig. 2. As for Fig. 1, 
but with 2 mM DL-S-hydroxybutyrate. Fig. 3. 0-1 mM dinitro- 
phenol added (arrows) during swelling in the presence of 1 mM 
p-§-hydroxybutyrate ; aged mitochondria. Curves when dinitro- 
phenol added (A) at zero time; (B) at 3 min.; (D) at 7 min.; 
(C) control. Fig. 4. Inhibition with oligomycin (0-4 ugm./ml.) 
and release (arrow) by 0:01 mM dinitrophenol; 2 mM pL-f- 
hydroxybutyrate present; fresh mitocl.ondria. Curve A, oligo- 
myein ; curve B, oligomycin a by dinitrophenol ; curve C, 
contro 


study of the effects of uncoupling agents we think 
that this is unlikely to be so. Thus, lower concentrations 
of 2:4-dinitrophenol, and dicoumarol, will, under 
some conditions, accelerate the swelling induced by 
phosphate, and even 0-1mM dinitrophenol will 
increase the rate of swelling if it is added after the 
mitochondria have been previously incubated in the 
presence of phosphate. 

Twice-washed mitochondria were prepared and 
studied under our routine conditions'. With fresh 
mitochondria, in the absence of added substrate, 
0-1 and 0-02 mM dinitrophenol, present initially, 
inhibited swelling induced by 10 mM phosphate with a 
lag period of 2-4 min. (Fig. 1). Here the lower con- 
centration of dinitrophenol was scarcely less effective 
than the higher, but in the presence of 2 mM pt-£- 
hydroxybutyrate and phosphate (Fig. 2) 0-02 mM 
dinitrophenol slightly accelerated the swelling, where- 
as 0-1 mM was still strongly inhibitory. With aged 
mitochondria under the same conditions, 0-02 mM 
dinitrophenol slowed the swelling considerably. 
However, after they had been pre-incubated with 
8-hydroxybutyrate for 8 min. at 20°C., subsequent 
addition of phosphate together with 0-02 mM dinitro- 
phenol produced a swelling response similar to that 
obtained with fresh mitochondria, that is, swelling 
with phosphate and dinitrophenol was more rapid 
than that with phosphate alone. Consistent with this 
finding, addition of even 0-1 mM dinitrophenol to 
fresh or aged particles in the process of swelling 
induced by phosphate with §-hydroxybutyrate 
caused acceleration (Fig. 3). 

With fresh mitochondria, when phosphate was 
replaced by thyroxine (7 uM), 0-1 mM dinitrophenol 
completely arrested swelling when present from the 
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start, but when it was added later swelling was 
accelerated. This occurred in the presence of 8. 
hydroxybutyrate, with fresh and aged particles, 
Dicoumarol (5-10 uM) behaved similarly to dinitro. 
phenol in this respect. With fresh particles 10.4 
dicoumarol had an effect on phosphate-induced 
swelling similar to that of 0:02 mM dinitrophenol 
(Fig. 2), except that the initial fall was more rapid 
and. the extent of swelling less. With aged mitochon. 
dria, in the presence of 8-hydroxybutyrate, swelling 
induced by phosphate was completely stopped by 
dicoumarol added initially; later addition of di. 
coumarol caused acceleration, as was the case with 
dinitrophenol. 

These acceleratory effects of dinitrophenol and 
dicoumaro] could not be reproduced by delayed 
additions of other known inhibitors‘ of swelling, 
namely, manganese chloride, ethylenediamine tetra. 
acetate, cyanide or adenosine diphosphate, or by low 
concentrations of antimycin A or amytal'®. Among 
other uncouplers tested, mepacrine* (1mM) was 
relatively ineffective in preventing the phosphate. 
induced swelling of fresh mitochondria, but was 
strongly inhibitory with aged particles; lower 
concentrations down to 0:05mM failed to produce 
acceleration. In contrast to mepacrine, aureomycin 
(0:07 mM) completely stopped the swelling of fresh 
mitochondria—indeed, the optical density rose above 
its initial value—but was only partially effective with 
aged mitochondria. 

Oligomycin inhibits respiration, and this inhibition 
is reversed by dinitrophenol, which suggests that this 
antibiotic acts on the phosphorylation system 
rather than on the respiratory chain’. With fresh 
mitochondria in the presence of 6-hydroxybutyrate, 
oligomycin (0-4ugm./ml.) strongly inhibited the 
swelling produced by phosphate ; 0-01 mM dinitro- 
phenol (Fig. 4), or 3 uM dicoumarol, abolished 
this effect. With aged particles oligomycin no 
longer inhibited swelling. It also failed to affect 
swelling induced by thyroxine, even with fresh mito- 
chondria. 

The acceleratory effects of dinitrophenol and 
dicoumarol, and particularly the reversal by dinitro- 
phenol of the inhibition of swelling by oligomycin, 
indicate that swelling may occur when phosphoryla- 
tion is uncoupled, and suggest that the effect of 
respiration on swelling is not exerted through the 
phosphorylation process. The inhibition of swelling 
by high concentrations of dinitrophenol and other 
uncoupling agents might be due to actions on the 
mitochondrial structure or to a deleterious effect on 
co-factors of respiration. It may be noted that aureo- 
mycin in low concentrations inhibits respiration as well 
as phosphorylation’. 

We wish to thank Dr. B. C. Pressman for a generous 
gift of oligomycin, and Mr. Colin Taylor for expert 
technical assistance. 
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Spectrophotometric Investigation on the 
Orcein Derivative of Elastin 


IRREVERSIBILITY of the reaction between orcein 
and elastin’ and the strength of the bond, which 
varies with different dyestuffs and proteins, supports 
the hypothesis of purely chemical bond rather than 
that of a hydrogen bond or an adsorption complex. 

The existence of a chemical bond may be demon- 
strated spectrophotometrically, employing the prin- 
ciple of conjugation bathochromy : it is known that 
conjugation of two chromophore groups produces a 
shift of the absorption maximum towards longer wave- 
lengths. 

Orcein and its reaction product with elastin 
(orceinelastin) - have been spectrophotometrically 
investigated. Orcein was dissolved in a pH 8-9 
buffer. Purified orceinelastin, obtained by complete 
removal of the free colour fror. the reacted elastin, 
was brought into solution by digestion with elastase 
(the elastolytic enzyme of Bald and Banga) at pH 
8-9. 

The absorption spectrum of the coloured digestion 
products of orceinelastin was found to be the same 
as orcein except for a bathochromic shift of the 
absorption maximum from 574 to 589 my. Since a 
bathochromic shift is a property of the conjugation 
link only, the existence of a sharing bond between 
orcein and elastin is indicated. 

By comparing extinction values of pure orcein 
with digested orceinelastin ones, the stoichiometry of 
the compound was found to be 1-265 gm. (2-53 x 
10° moles) orcein/100 gm. elastin. This quantity 
was found not to depend, within large limits, on 
the reaction temperature and orcein concentration. 
This provides further evidence that there is a chemical 
bond in orceinelastin. The only value reported in the 
literature is by Weiss? (no methods specified) of 
2 x 10? moles/100 gm. elastin. 
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Ultra-violet Fluorescence of Quinine Sulphate 
for Detection of Phosphate Ester Spots on 
Paper 
A WIDE variety of phosphate esters have great 
importance as intermediates in biological reactions. 
Development of adequate procedures for the chrom- 
atography and detection of these phosphate esters 
has, in many respects, lagged behind. With the 
exception of the method of Runeckles and Krotkov', 
which was developed as a modification of the pro- 
cedure of Wade and Morgan*, the detection of 
phosphate esters on paper chromatograms has been 
very laborious and relatively insensitive. Most of 
the molybdate procedures, in addition to requiring 
many manipulations, have the disadvantage of 
employing perchloric acid, which weakens the paper 

and causes some charring during heating. 

This communication reports a simple dip procedure 
by which phosphate spots containing as little as 
007 umole of phosphorus can be detected. The 
phosphate spots are located by immersing the de- 
veloped and dried paper in a solution of 0-5 per cent 
quinine sulphate-2H,O in absolute ethanol. After 
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drying the paper at room temperature for a few 
minutes, the phosphate spots can be detected by 
examining the paper under ultra-violet light in a 
darkened room. The spots show up as light areas 
against an intense grey-blue fluorescent background. 

The best results were obtained with a low-pressure 
mercury source filtered to exclude visible light and 
producing predominantly ultra-violet radiation in 
the 2537-A. region. A long-wave lamp with ultra- 
violet radiation in the 3600-A. region and also 
filtered to exclude visible light was, in general, found 
to be only a little less satisfactory than the 2537-A. 
source. 

In only one case was a qualitative difference noted 
between the two ultra-violet sources ; that was with 
adenosine triphosphate, guanosine triphosphate and 
uridine triphosphate on a paper developed with a 
butanol, acetic acid and water solvent. With the 
3600 A. source all three compounds appeared as light 
spots against a fluorescent background, but with the 
2537 A. source, the first two appeared as dark blue 
spots while the uridine triphosphate appeared as a 
light spot against the fluorescent background. 

The quinine sulphate dip, in addition to its ease 
of use, offers the great advantage of employing 
an alcohol-soluble and apparently non-reacting spot- 
detecting compound. After marking the spots under 
ultra-violet light as rapidly as possible, one can wash 
the bulk of the quinine sulphate off the paper with 
absolute ethanol, thus leaving the phosphate ester 
spots unmoved and free for elution and further 
determinations. The spots may also be left on the 
paper, following the alcohol wash, for study by other 
spot-detection procedures such as specific ketose 
reactions. 

The sensitivity of this dip procedure for detecting 
various phosphate compounds which were developed 
on paper chromatograms is shown in Table 1. 


Table 1. DETECTION OF COMPOUNDS CONTAINING PHOSPHORUS WITH 
QUININE SULPHATE ON DEVELOPED PAPER CHROMATOGRAMS 


Smallest amount of test material 
showing a strong spot 
(ugm. free acid) 


Substance tested 


Orthophosphate 
Pyrophosphate 
Phosphoglycerie acid 
Dihydroxyacetone phosphate 
B-Glycerophosphoric acid 
Fructose-6-phosphate 
Fructose-1,6-diphosphate 
Galactose-1-phosphate 
Glucose-1-phosphate 
Uridine monophosphate 
Uridine diphosphate 
Uridine diphosphoglucose 
Uridine triphosphate 
Adenosine triphosphate 
Guanosine triphosphate 


WHR NH Dh ROR wOWWOO 
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Quinine sulphate is not selective for phosphate 
esters, but other organic compounds which might 
be present in chromatograms of this type, such as 
free sugars and amino-acids, must be present in 
relatively high concentrations before they are detected 
under ultra-violet light. Free sugars are not detected 
in amounts smaller than 40 ugm. per spot and only 
a few of the amino-acids tested could be detected in 
amounts as small as 15 ugm. per spot. A confirmatory 
ninhydrin dip or spray to detect any amino-acids 
which might be present can be run on the same paper 
following the quinine sulphate dip and subsequent 
ultra-violet examination. The quinine sulphate left 
on the paper does not interfere with the ninhydrin 
test. Purines, pyrimidines and nucleosides show 
up strongly. This was expected, since fluorescent 
procedures such as that of Pfennig* have been used 
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to enhance the natural quenching of these compounds 
under ultra-violet light. 

The paper ionophoresis and chromatography tech- 
niques of Runeckles and Krotkov! are ideally suited 
for this dip procedure since volatile buffers and 
solvents are used. The presence of inorganic salts 
in the developing solvents for the papers causes rather 
severe interference with spot detection. Interference 
from compounds such as trichloracetic acid, how- 
ever, can be minimized by washing the papers with 
absolute ethanol or other suitable solvents prior to the 
quinine sulphate dip. 

The dip procedure has worked well with a variety 
of papers including Whatman No. 1 and Schleicher 
and Schuell No. 507. In most cases, prior washing 
of the paper has been found beneficial. With some 
papers, however, washing has not always been 
necessary if the solvent front is sufficiently removed 
from the spots under study. 


Epwarp 8S. RoREM 


Western Utilization Research and 
Development Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Albany 10, California. 
March 9. 


a — V. C., and Krotkov, G., Arch. Biochem. Biophys., 70, 442 
1 ‘ 


® Wade, H. E., and Morgan, D. M., Nature, 171, 529 (1953). 
* Pfennig, N., Naturwiss., 44, 537 (1957). 


Isolation of Kojibiose from Honey 


PREVIOUSLY, we reported! that fifteen honey 
samples produced mainly in the Tohoku region of 
Japan were analysed, and sugar components of one 
kind of honey (Lespedeza bicolor) were fractionated 
by chromatography, using a carbon : ‘Celite’ column, 
and the sugars in each fraction were estimated. 
Glucose, fructose, sucrose, maltose, melezitose, eight 
di- or tri-saccharides and nine higher oligosaccharides 
were detected by paper chromatography, and fifteen 
spots of them contained ketose. 

On the other hand, it has been reported that 
Goldschmidt e¢ al.? detected isomaltose in honey by 
paper chromatography and White e¢ al.* isolated 
nigerose from honey. 

We now report the isolation of kojibiose. Honey 
(Lespedeza bicolor, 300 gm.) was fractionated with a 
carbon : ‘Celite’ column (550 mm. x 125 mm.) using 
water (22 1.), and ethanol, 2-5 per cent (22 1.), 5 per 
cent ‘14 1.), 10 per cent (18 1.), 15 per cent (18 1.), 
20 per cent (14 1.), 25 per cent (12 1.) and 30 per cent 
(30 1.) as successive elution solvents. Kojibiose 
was detected in 2-5-5 per cent ethanol effluent by 
paper chromatography. The effluent portions con- 
taining kojibiose from three columns (900 gm. honey) 
were combined (16-5 gm. sugar mixture). These 
portions were contaminated with a considerable 
amount of isomaltose, two oligosaccharides contain- 
ing ketose, glucose, fructose, sucrose and a trace of 
leucrose. 

The sugar mixture was then rechromatographed 
on a carbon : ‘Celite’ column (530 mm. x 80 mm.) 
using the gradient elution method with 0-3-0 per 
cent aqueous ethanol containing borate buffer (pH 
10-0)‘. Substantially perfect separation of kojibiose 
from other sugars was achieved. The water fractions 
contained monosaccharides, and the 0-5—1-5 per cent 
ethanol fractions contained isomaltose and several 
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sugars containing ketose. Kojibiose appeared in the 
2-0-3-0 per cent ethanol fractions. 

By the removal of borate from the sugar complex 
by repeated distillation with methanol, 1-3 gm. of 
chromatographically pure kojibiose was obtained. 
Since direct crystallization of the sugar acetylated in 
the usual way was not successful, the benzene solution 
of the crude acetate was poured on a column (300 
mm. x40 mm.) of ‘Magnesol’ : ‘Celite’ (5: 1) and de. 
veloped with 1,000 ml. of benzene/t-butanol (100 : 1 by 
vol.). A zone appeared at 165-215 mm. from the top 
of the column, which, by means of potassium perman. 
ganate streak indicator, was sectioned from the 
column and eluted with acetone. Removal of the sol. 
vent left 0-5 gm. of syrup, from which 208 mgm. of 
fine prisms were obtained upon crystallization from 
ethanol. It had m.p. 117-118°C., [a«]p + 113-8° 
(c. 1-2 in chloroform). 

The upper portion (10-165 mm.) of the column 
was eluted with acetone, and removal of the solvent 
left 0-7 gm. of syrup. This syrup was rechromato- 
graphed on the ‘Magnesol’: ‘Celite’ column. From 
the zone at the bottom of the column, 0-1 gm. of 
syrup was obtained which upon crystallization from 
ethanol gave 11 mgm. of fine prisms. It had an m.p. 
of 166°C. 

Neither acetate showed depression of melting point 
on admixture with «- and 8-kojibiose octa-acetates 
pad and 117°C.) synthesized chemically by Mat- 
suda’. 

We wish to acknowledge our indebtedness to Mr, 
K. Matsuda for his advice. 
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Purification of Bacterial Neuraminidase 
(Receptor-destroying Enzyme) 

NEURAMINIDASE is the name now given to an 
enzyme the action of which is the hydrolytic cleavage 
of the glycosidic bond joining the keto group of 
N-acetylneuraminic acid to D-galactose or p-gal- 
actosamine'. The enzyme was discovered in 1946 
when Burnet, McCrea and Stone* found that filtrates 
of V. cholerae rendered human cells inagglutinable 
by influenza viruses. The factor responsible for this 
action was called the receptor-destroying enzyme by 
Burnet and Stone, who obtained some purification 
of the enzyme present in V. cholerae (strain 42) 
filtrates by adsorption to and elution from red cells*. 
This technique was later incorporated into a three- 
step procedure for the partial purification of the 
enzyme‘. Crude or semi-purified receptor-destroying 
enzyme has since been used as a standard reagent 
in influenza virus studies: further work in this field, 
together with increasing interest in the biological 
and chemical properties of compounds containing 
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Fig. 1. Purification of neuraminidase by chromatography on 

hydroxyapatite. Elution pattern using a concentration gradient 

of phosphate buffer, pH 6:8. O—O, Protein concentration ; 
LiI—C], enzyme titre 


N-acetylneuraminic acid, have emphasized the need 
for the pure enzyme. 

Improved yields of enzyme have recently been 
obtained using @ medium composed of bovine 
colostrum dialysate to which were added peptone 
and glycerol’. Following the growth of V. cholerae 
in such medium and subsequent heating to kill the 
organisms, filtration yields a crude extract from which 
it has now been possible to purify and crystallize 
the enzyme. 

Enzyme estimations were carried out by the 
biological method previously described*. Protein 
concentrations were assessed by tyrosine estimations’, 
by absorption at 280 my. or by refractometry. 

The purification process is briefly as follows. 

(1) Cold methanol is added to 36 litres of crude 
extract (pH 5) to give a final concentration of 60 per 
cent. The precipitate which forms is suspended in 
and dialysed against water and a clear extract is 
obtained by centrifugation. 

(2) Neuraminidase in the extract (sodium chloride, 
0-8 per cent ; calcium chloride, 0-1 per cent ; pH 8:5, 
2° C.) is adsorbed on to fresh, washed, packed human 
red cells and eluted from the cells in the presence of 
ethylenediamine tetraacetate (0-01 M, pH 7, 20° C.). 





Fig. 2. x 300). 


Crystalline neuraminidase (phase contrast, 
Photograph 


by Mr. E. Matthaei 
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(3) An equal volume of saturated ammonium 
sulphate solution (pH 7, 2° C.) is added to the clarified 
eluate (2°C.). The precipitate which forms is dis- 
solved in and dialysed against buffered saline (0-1 M 
sodium chloride, 0-001 M phosphate, pH 6:8). 

(4) The enzyme is adsorbed on to a column of 
hydroxylapatite® and the column developed with a 
gradient of phosphate-buffered saline, pH 6-8 (phos- 
phate concentration 0-001-0:25M), the eluate 
being collected in a fraction collector. The enzyme 
elutes as a single peak, which, on re-chromato- 
graphy, yields typically a result like that shown in 
Fig. 1. In the experiment shown, tubes 22, 23 and 
24 were pooled and dialysed against water. 

(5) The dialysed solution is concentrated to about 
2 ml., adjusted to about pH 4-3 and then gently 
shaken at 2° C. for 2-3 days, when crystals appeared 
(Fig. 2). 

The crystalline enzyme has an enzymic activity 
of about 8-6 x 10° units/mgm. of protein (protein 
estimated by refractometry). This represents a 
purification of approximately 1,000-fold. In three 
experiments the overall yield of crystalline enzyme 
vas 33, 30 and 52 per cent. 

Details of the purification process and properties 
of the enzyme will be published elsewhere. 

G. L. Apa 

E. L. FRENCH 
Walter and Eliza Hall Institute of Medical Research, 

Royal Melbourne Hospital Post Office, 
Victoria, Australia. 
March 18. 
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PATH OLOGY 


Human Muscular Dystrophy as an 
Aberration of the Connective Tissue 


Tue pathological changes in the muscle in human 
muscular dystrophy have been well characterized. 
They consist of great diversity of muscle fibre size, 
increase in number of sarcolemmal nuclei (which 
may take the form of chains situated centrally in the 
fibre), and atrophy of the fibres. Although it has 
been said! that phagocytosis of degenerating fibres 
is rare, we have found evidence in a number of cases 
of what appears to be invasion and destruction of 
muscle fibres by elements of connective tissue. 

Muscular dystrophy is also characterized by a 
proliferation of the connective tissue with the accumu- 
lation of varying amounts of fat. 

It has been shown by histochemical methods? 
that this connective tissue contains appreciable 
5-nucleotidase activity, whereas very little of this 
activity is present in the connective tissue of normal 
human muscle. Since this enzyme dephosphorylates 
adenosine monophosphate, we investigated the ability 
of the connective tissue to dephosphorylate various 
high-energy phosphates derived from adenosine mono- 
phosphate and other esters and also some other 
phosphate compounds of physiological importance. 
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Glucose-6-phosphate. Control muscle, pH 9. Reaction only in one 
capillary. Connective tissue negative 

Glucose-6-phosphate. Dystrophic muscle, pH 9. Reaction only in 

small blood vessel. Connective tissue negative 

3 Creatine phosphate. Control muscle, pH 8-5. All elements negative 

Fig. 4. Substrate: Creatine phosphate. ae muscle, pH 8-5. Slight reaction in 
some capillaries. Connective tissue negative 

Fig. 5. Substrate: Adenosine triphosphate. Control muscle, pH 9. Some capillaries 

and muscle nuclei positive. Connective tissue negative 

Fig. 6. Substrate: Adenosine triphosphate. Dystrophic muscle, pH 9. Intense reaction 

by proliferating connective tissue elements. The reactions given in 5 and 6 are by a 

heat-stable adenosine triphosphatase which appears to be different from the conventional 

adenosine triphosphatase of the muscle fibre 
Fig. 7. Substrate: Triphosphopyridine oo ga Control muscle, pH 9. All elements 
negative 

Fig. 8. Substrate : Triphosphopyridine nucleotide. Dystrophic muscle, pH 9. Consider- 
able reaction by elements of proliferating connective tissue and muscle nuclei 

Fig. 9. Substrate: Thiamine pyrophosphate. Control muscle, pH 7:5. All elements negative 

Fig. 10. Substrate: Thiamine pyrophosphate. Dystrophic muscle pH 7‘5. Spectacular 

dephosphorylation of proliferating —- tissue and moderate reaction by muscle 
res 


They included. adenosine di- and tri-phosphates, 
uridine, guanosine, cytidine, inosine and acetyl 
phosphates and creatine phosphate. Phosphorylated 
co-enzymes such as riboflavin-5-phosphate, thiamine 
pyrophosphate, pyridoxal phosphate, di- and tri- 
phosphopyridine nucleotides and glycolytic inter- 


Fig. 1. Substrate : 
Fig. 2. Substrate : 
Fig. 3. Substrate : 


June 20, 1959 


mediates such as glucose-l- and 
glucose-6-phosphates, — fructose-]. 
and 6-phosphates, hexose diphos. 
phate and phosphoglyceraldehyde, 
The histochemical reactions for all 
these compounds were compared 
with that for 8-glycerophosphate. 
Our studies in 10 cases of muscular 
dystrophy showed that in every case, 
with the exception of creatine phos. 
phate, all the high-energy phosphate 
compounds were actively dephos. 
phorylated by the connective tissue 
and by a number of the muscle 
fibres. On the other hand, the inter. 
mediate glycolytic compounds were 
not hydrolysed. Of the co-enzymes, 
riboflavin-5-phosphate and _pyri- 
doxal phosphate were not affected, 
but in two out of the ten cases of 
dystrophy there was a spectacular 
dephosphorylation of thiamine pyro- 
phosphate. Probably the most in. 
teresting result was the dephos. 
phorylation of diphosphopyridine 
nucleotide and to a lesser extent tri- 
phosphopyridine nucleotide by the 
connective tissue in every case 
examined. 

The presence of enzymes destruc- 
tive of compounds vital to muscle 
metabolism in connective tissue en- 
veloping the muscle fibres must have 
some significance in muscular dys- 
trophy. 

There are three possible inter- 
pretations of these observations : 

(1) Although these metabolically 
important phosphate compounds 
are synthesized by muscle there may 
be some leakage in normal metabol- 
ism much as vitamin A leaks away 
from the retina in the retinene cycle. 
Replacement of this leakage by 
transport from the vascular and 
lymphatic system if there is inade- 
quate synthesis by the muscle itself 
would be prevented by connective 
tissue containing the appropriate 
phosphorolytic enzymes. 

(2) The fundamental defect may 
still be in the membrane of the 
muscle fibres, and the diffusion of 
phosphate esters out into the sur- 
rounding milieu may result in ad- 
aptive synthesis of enzymes to hy- 
drolyse them in the connective tissue. 

(3) That the excessive production 
of these hydrolytic enzymes by the 
connective tissue leads to their dif- 
fusion to and adsorption on to and 
eventual penetration of the muscle 
fibre membrane resulting in com 
plete block of the normal mete 
bolism of the fibres. 
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Of these possibilities (2) is currently under invest! 
gation in this laboratory, and of (1) and (3) the latter 
appears to be more in keeping with eurrent views of 
muscle metabolism although the penetration of the 
sarcolemma by hydrolytic enzymes has yet to be 
established. However, it does not seem impro 
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that the accumulation of such a range of phos- 
phatases at this site might break down both its struc- 
tural integrity and its selective permeability. 

These results suggest that the fundamental defect 
in progressive muscular dystrophy ray be not in the 
muscle fibre but in the connective tissue which 
supports it. 

This work is supported by a grant from the Mus- 
cular Dystrophy Associations of America Inc. and 
with equipment provided by the National Foundation 
for Muscular Dystrophy, New York. 

GEOFFREY H. BourNE 
M. Netty GoLarz 
Department of Anatomy, 
Emory University, 
Atlanta 22, Georgia. 
March 18. 


1 Adams, R. D., Denny-Brown, D., and Pearson, C. M., “Diseases of 
Muscle”, 259 (Paul B. Hoeber, 1954). 

*Reckett, E. B., and Bourne, G. H., J. Neuwropath. Exp. Neurol., 17, 
2, 199 (1958). 
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Chemical Changes in Human Bronchial 
Epithelium and their Relation to 
Bronchial Cancer 


A RECENT histological study! of the changes that 
occur in human bronchial epithelium has confirmed 
in part earlier American findings* and shown that 
considerable proliferation may occur in the cells of 
the basal layer without any other histological 
abnormality. As it seemed possible that some of 
these changes might be related to the development 
of bronchial cancer, a histochemical investigation 
has been begun. Since this work was not concerned 
with the distribution of free lipids, formalin-fixed 
tissue embedded in paraffin was used. The most 
striking result has been the very marked increase 
in the content or availability of lipid, probably 
bound phospholipid’, as shown by colouring with 
sudan black and staining by the acid hematein 
method‘. This effect was strongest in the nuclei of 
the basal cells and was particularly well seen in the 
condition known as basal cell hyperplasia. In con- 
trast, scarcely any lipid could be demonstrated in 
the cells of foci of established squamous metaplasia. 

Since basal cell hyperplasia and other proliferative 
changes are common in smokers who exceed 40 
cigarettes a day, it seemed worth-while to see if similar 
histochemical disorders occurred in histologically 
normal areas of bronchial epithelium in such persons. 
By these methods an increased lipid content has now 
been demonstrated in the basal cells, particularly in 
the nuclei, of otherwise normal bronchial epithelium 
from such smokers ; in chemically normal epithelium 
from non-smokers only the nucleoli in the basal cells 
are stained. 

Sections were also treated with an aqueous (hydro- 
tropic) solution of 3,4-benzpyrene, and the distribu- 
tion of this fluorescent carcinogen was followed by 
fluorescence microscopy. Those cells which gave a 
positive reaction with the acid hematein method also 
showed selective absorption and concentration of 
benzpyrene, especially into the nuclei. 

If these observations on fixed cells can be related 
to events in the living epithelium, they would suggest 
the possibility that bronchial cancer is produced in 
two main stages. In the first stage, damage to areas 
of epithelium, possibly by cigarette smoking, might 
alter them in such a way as to increase their affinity 
for lipid-soluble substances, leading to proferential 
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absorption of carcinogenic hydrocarbons in the 
second stage. These events need not necessarily occur in 
every focus of proliferation, and the development of 
bronchial cancer might also be affected by local differ- 
ences in the concentration of carcinogens which 
accumulate in the vicinity of the foci. The circum- 
stances influencing the local concentration of carcino- 
gens are probably complex and include such factors 
as stagnation of mucus and loss of cilia. 

We acknowledge, with much gratitude, the generous 
help given us by Dr. E. Nassau and Mr, R. F. Cum- 
mings, of Harefield Hospital, Middlesex. We are also 
indebted to the Imperial Cancer Research Fund, 
which has financed these investigations. 

J. CHAYEN 
G. J. CUNNINGHAM 
D. P. WrinsTaANLEY 
Department of Pathology, 
Royal College of Surgeons, 
Lincoln’s Inn Fields, 
London, W.C.2. 
April 24. 
1 Cunningham, G. J., and Winstanley, D. P., Ann. Roy. Coll. Surg. 
(in the press). 
* Auerbach, O., Petrick, T. G., Stout, A. P., Statsinger, A. L., Much- 
E., Forman, J. B., and Gere, J. B., Cancer, 9, 76 (1956). 
Auerbach, O., Gere, G. B., Forman, J. B., Petrick, T. G., Smolin, 
H. J., Muchsam, G. E., Kassouny, D. Y., and Stout, A. P., 
New Eng. J. Med., 256, 97 (1957). 


® Berenbaum, M. C., Quart. J. Micro. Sci., 99, 231 (1958). Chayen, 


-, Gahan, P. B., and La Cour, L. F., Quart. J. Micro. Sci. (in 


the press). 
‘ Baker, J. R., Quart. J. Micro. Sci., 87, 441 (1946). 


BIOLOGY 


Selective Staining of Visceral Efferents in the 
Rat Brain Stem by a Modified Koelle 
Technique 


Tse histochemical technique for cholinesterases 
introduced by Koelle and Friedenwald'! has been used 
in numerous studies of nervous tissue. Much of this 
work has been concerned primarily either with the 
histochemistry of the method or with the cytological 
distribution of enzyme revealed. This method has, 
we feel, also great potentialities in the field of neuro- 
anatomy—as a means of selectively staining particu- 
lar groups of neurones which cannot otherwise be 
distinguished by more conventional methods. Some 
attempts along these lines have been made in studies 
of peripheral innervation®*, but it is in studies of the 
central nervous system that there is particular need 
for a selective staining method. This communication 
is therefore concerned not so much with enumerating 
our detailed findings in this preliminary investigation 
as with emphasizing the potential value of this 
technique in solving many neurological problems 
which have so far resisted attack by more conventional 
methods. 

The sensitivity of the Koelle technique can be 
controlled by varying the pH of the incubation 
medium and the time of incubation. At an acid pH 
the method is highly selective for sites of high enzyme 
activity. This fact was made use of by Snell and 
Garrett‘ in their study of the cholinergic innervation 
to the rat salivary. glands—the secretor-motor fibres, 
both pre- and post-ganglionic*, being selectively shown 
up when a sufficiently acid incubation medium was 
used. This work suggested that it might be possible 
with some such technique to follow the salivatory 
pathway back to the salivatory nuclei in the hind 
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Table 1. OBSERVED SITES OF INTRACELLULAR STAINING 
(In approximate descending order of intensity) 


Caudo-ventral portion of sensory nucleus of V 
Dorsal motor nucleus of X 

Salivatory nucleus 

Nucleus of the locus coeruleus 

Nucleus ambiguus 

Branchiomotor nuclei of V and VII 

Pontine nuclei 

Giant cells of Deiters and Bechterew nuclei 
Some giant celis of medial reticular formation 
Somatic motor nuclei of VI and XII 


Table 2. Frere TRACTS STAINED 


Strongly stained 
Visceral efferents of X 
Nervus intermedius, dorsal and ventral roots 
Dorsal decussation in region of facial colliculus 


Moderately stained 
Fibres senompenetng dorsal root of nervus intermedius but apparently 


entering V 


Fine fibre bundle within descending —_ of VII ard apparently 


forming major part of dorsal decussation 


Weakly stained 
Branchiomotor efferents of V and VII 
Ponto-cerebellar fibres (brachium pontis) 


brain, the exact site of which was uncertain. In the 
rat, this possibility appears to have been realized. 

The precise procedure which finally proved to give 
the best results for our immediate purpose was, very 
briefly, as follows. The relevant region. of the hind 
brain was dissected out, fixed in cold 10 per cent 
formol-saline and then well washed in water. Serial 
transverse sections were cut at 40y on the freezing 
microtome and the individual sections treated by the 
Koelle technique with a pH of 4-8-4-9 and an 
incubation time of about 3 hr. The sections were 
then mounted serially on glass slides, allowed to dry 
and afterwards mounted in balsam via absolute 
alcohol and xylene. These sections were not counter- 
stained in any way: instead they were compared 
with several companion series of wax sections which 
had been stained in other ways (Bodian, modified 
Weigert, cresyl violet). 

The brain-stem structures which showed significant 
staining by this technique are listed in Tables 1 and 
2. The patterns of staining seen in and around 
individual cells were of three main types. Staining 
confined to the cell bodies and their processes was 
seen in the caudo-ventral portion of the sensory 
nucleus of V, in the dorsal motor nucleus of X and 
in the nucleus of the locus coeruleus. At most of the 
other sites listed in Table 1 there was significant 
staining also outside the cells which was most marked 
in the salivatory nuclous and in the nucleus ambiguus. 
The third type, in which staining was confined to 
small discrete areas of the cell surface, was less 
frequently seen and was most obvious in some of the 
giant cells of the reticular formation. One is tempted 
to suggest that each of these three types of pattern 
represents a different type of synaptic junction: 
the first, cholinergic neurones receiving mainly non- 
cholinergic presynaptic terminations; the second, 
cholinergic neurones which either receive significant 
cholinergic innervation from elsewhere in the central 
nervous system or possess recurrent collaterals ; 
and the third, non-cholinergic neurones which receive 
some cholinergic innervation. 

The difference in the intracellular staining of the 
various types of motor cells and of their processes 
wasivery striking. In general, visceral efferents were 
strongly stained, branchial efferents moderately and 
somatic efferents only weakly stained. These results 
imply that the enzyme activity possessed by these 
three classes of cholinergic neurons must be markedly 
different, though why this should be so is not immedi- 
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ately obvious. Whatever the underlying reasons, 
however, the heavy differential staining of the saliva. 
tory efferent fibres made it possible to establish their 
cells of origin with reasonable certainty. It has been 
generally supposed that there are two salivatory 
nuclei, an ‘inferior’ and a ‘superior’, both situated in 
the lateral reticular formation. In our material, 
however, the fibres of the nervus intermedius could be 
traced via two roots to a dorso-medially placed saliva. 
tory nucleus, in series with the Edinger-Westphal 
nucleus and the dorsal motor nucleus of X. The 
nucleus is subdivided by the anterior genu of VII 
into @ lgrger lateral and a small medial part. These 
two parts of the salivatory nucleus are connected 
across the top of the genu by strongly stained fibres 
but not by cells. Some fibres, presumably from the 
medial part, cross the midline. There is no inferior 
nucleus in the region between the salivatory nucleus 
and the dorsal motor nucleus of X, but a fibre bundle 
leaves the more ventral root of the nervus intermedius 
to join the efferent outflow of IX. No salivatory cells 
can be seen in the traditional site for the superior 
nucleus in the lateral reticular formation. This more 
dorsal position for the salivatory nucleus does not 
conflict with most of the available physiological 
evidence. It is strikingly consistent with the result 
of stimulation experiments on the monkey* and on the 
cat®: so it is probable that our findings in the rat 
hold for other mammals. 

The observations mentioned here, particularly 
those relevant to possible central salivatory pathways, 
will be described and discussed in greater detail 
elsewhere. 

P. R. Lewis 
C. C. D. Sxurte 
Anatomy School, 
Cambridge. 
Feb. 13. 


' Koelle, G. B., and Friedenwald, J. S., Proc. Soc. Exp. Biol. N.Y., 
70, 617 (1949). 

s Cen R. E., and Holmes, R. L., Quart. J. Micro. Sci., 98, 327 

5 Snell, R. S., J. Anat., 92, 584 (1958). 

* Snell, R. 8., and Garrett, J. R., Nature, 178, 1177 (1958). 

* Magoun, H. W.,and Beaton, L. E., Amer. J. Physiol. , 186, 720 (1942). 

* Wang, 8. C., J. Neurophysiol., 6, 195 (1943). 


Fate of Spermatozoa penetrating into the 
Tissues of the Fallopian Tube 


In a re-investigation of previous work!, sperma- 
tozoa were recently observed in the mucous membrane 
of the Fallopian tubes of greater horseshoe bats*, and 
a similar occurrence was later found in common 
pipistrelle bats, rats, stoats, one rabbit, and one 


hedgehog*. There was some evidence of a response 
of the nuclei of the tubal cells to the spermatozoa’. 
In view of these observations, we have examined the 
Fallopian tubes of mice mated to radioactive males 
known to be ejaculating large numbers of spermatozoa 
labelled in deoxyribonucleic acid with adenine-8-“C ‘. 
By using autoradiography, the labelled sperm chroma- 
tin can be identified even though the spermatozoa 
are no longer recognizable morphologically*. The 
Fallopian tubes were accordingly examined auto- 
radiographically. Particular attention was paid to 
the mucosa and sub-mucosa, to find out if sperma 
tozoon deoxyribonucleic acid was i ted into 
the nuclei or formed nuclei in the female tract. _ 
The Fallopian tubes of five mice were examined in 
detail. Four of them had been autopsied 12 hr. after 
mating, the fifth 24 hr. after mating. Many labelled 








SaEeseaeBeaps 





- 183 


reasons, 
> Saliva. 
sh their 
as been 
livatory 
lated in 
aterial, 
ould be 
| saliva. 


om the 
inferior 
1ucleus 
bundle 
nedius 
"y cells 
1perior 
3 more 
es not 
logical 
result 
on the 
he rat 


ularly 
Ways, 
detail 


JTE 


M.Y., 


8, 327 


(1942), 






















June 20, 1959 


spermatozoa were found between the nuclei of the 
mucosal cells, which is to be expected from previous 
work!-*, though the displacement of some of these 
spermatozoa during sectioning* is possible. Three 
autoradiographs in the animal killed 24 hr. after 
mating were associated with sperm heads that 
appeared swollen and possibly disintegrating. Several 
thousand nuclei in the mucosa and sub-mucosa were 
examined, and none was found to give a definite 
autoradiograph. 

Our evidence indicates that spermatozoa do not 
form nuclei in the mucosa or contribute detectable 
amounts of deoxyribonucleic acid to mucosal cell 
nuclei in the Fallopian tubes. Though the chance of 
detecting nuclear autoradiographs depends on the 
percentage of spermatozoa that are labelled, the 
intensity of labelling’, etc., sufficient numbers: of 
nuclei were examined to exclude the possibility of 
large-scale participation of male chromatin in them. 
Our results do not preclude the possibility of the 
entry of some components of spermatozoa into nuclei, 
for the intensity of labelling is more favourable to the 
detection of whole spermatozoon heads than to parts 
ofthem. While not ruling out the possibility of xenia, 
telegony or other effects of the excess spermatozoa 
in the female tract (see refs. 1, 7), our present results 
support previous findings*, which gave no evidence 
to support theories of these phenomena based on the 
incorporation of spermatozoa into tubal or uterine cells. 

R. G. Epwarps 
National Institute for Medical Research, 

Mill Hill, London, N.W.7. 
J. L. Srrurm 
Institute of Animal Genetics, 
West Mains Road, Edinburgh, 9. 

1Kohlbrugge, K. H., Z. Morphol. Anthropol., 12, 359 (1910). 
* Austin, C. R., and Bishop, M. W. H., J. Endocrinol., 18, viii (1959). 
* Austin, C. R., Nature, 183, 908 (1959). 
‘Sirlin, J. L., and Edwards, R. G., J. Exp. Zool., 187, 363 (1956). 
‘Edwards, R. G., and Sirlin, J. L., Nature, 177, 429 (1956). 
*VojtiSkové, M., ‘Folia Biol. (Prague), 2, 239 (1956). 
"Kushner, K. F., Bull. Acad. Sci. U.R.S.S., Ser. B, No. 1, 32 (1954). 
* Edwards, R. G., and Sirlin, J. L., Endeavour, 17, 42 (1958). See also 


Austin, C. R., J. Endocrinol., 14, 335 (1957). Posalaky, Z., and 
Toré, I., Nature, 179, 150 (1957). 
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Electron Microscope Observations on the 
Neurohypophysis of the Ferret 


WE have observed, while studying the neurohypo- 
physis of the ferret using the electron microscope, 
that the mitochondria in the neurosecretory fibres are 
of unusual form and that this form can be modified 
by experiment. 

The features we have observed are evident in 
specimens fixed either by buffered osmium tetroxide 
or by buffered potassium permanganate, though they 
are more obvious after the latter fixative. 

The mitochondria are irregular in form, and in many 
instances one or more deep invaginations are present 
(Fig. 1). In permanganate-fixed preparations the area 
contained within an invagination is strikingly less 
electron-dense than the rest of the cytoplasm, and 
we believe that this may indicate a concentration of 
some specific substance produced by, or involved in, 
the activity of the mitochondrion. 

The pituitary stalks of some animals were severed 
and the neurohypophysis was examined at various 
intervals after the operation. Up to four days after 
stalk section the only apparent effects of the operation 
were changes in the form of the mitochondria. These 
continued to be irregular ; but the invaginations were 
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. It 
invaginated mito- 
chondrion. The area of the invagination is less electron-dense 


Fig. 1. 


A nerve fibre in the Sane One of a ferret 
contains neurosecretory vesicles and a single 


than the surrounding cytoplasm. The tissue was fixed in buffered 


_ potassium permanganate 


less marked and were very rarely associated with any 
area of electron donsity different from the rest of the 
cytoplasm. We interpret this as evidence of some 
alteration in the activity of the mitochondria following 
section of the stalk. 

A parallel series of histochemical studies was 
carried out, using the performic-acid — Alcian blue 
technique! which stains selectively cystine-containing 
material. Some shrinkage of the neurohypophysis 
followed section of the stalk, but large amounts of 
Alcian-blue-positive material persisted for at least 
four days following the operation. It is interesting to 
note that the electron microscope showed that neuro- 
secretory vesicles were also present during the post- 
operative period. 

It is widely held that?.* the neurosecretory material 
in the neurohypophysis is elaborated in the hypo- 
thalamus and that it then passes down axons in the 
pituitary stalk. It is interesting to find that such 
material is still present in the distal part of the neuro- 
hypophysis four days after section of the axons. 

R. L. Hotmes 
F. G. W. KNow es 
Department of Anatomy, 
University of Birmingham. 
March 16. 
1 Adams, C. W. M., and Sloper, J. C., J. Endocrinol., 18, 221 (1956). 
? Bargmann, W., Z. Zellforsch., 34, 610 (1949). 
* Hild, W., and Zetler, G., Pfliig. Arch. ges. Physiol., 257, 169 (1953). 


The Nematodes Ostertagia lyrata Sjoberg, 
1926, and Trichostrongylus longispicularis 
Gordon, 1933, in British Cattle 


A ust of the gastro-intestinal nematodes of 
British cattle, published by Morgan and Soulsby’, 
included two species of Ostertagia (O. ostertagi and 
O. cireumcincta) and three species of Trichostrongylus 
(1. axei, T. vitrinus and T. colubriformis). Obser- 
vations at Weybridge indicate that an additional 
species of each of these two genera, namely, O. lyrata 
and 7’. longispicularis, should be added to this list. 

These two species were present in material collected 
during the routine post-mortem examination of 
bovines which were suffering from parasitic gastro- 
enteritis, and which had been sent to the Laboratory 
from farms in the south-east of England. 0. lyrata 
together with O. ostertagi was recovered from the 
abomasum, and T7'. longispicularie together with 
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Cooperia spp. and Nematodirus spp., was recovered 
from the small intestine. 

O. lyrata can be differentiated readily from O. 
ostertagi, and from O. circumcincta, which also occurs 
in the abomasum, as the copulatory bursa and 
spicules are characteristic for each species*. Dif- 
ferentiation of the Trichostrongylus species is more 
difficult, 7’. longispicularis and T. colubriformis 
being very much alike. In both species the spicules 
are the same general shape, except at the tips, but 
those of 7'. longispicularis are slightly longer than 
those of J. colubriformis. The gubernaculum, 
however, is quite distinctive for each species and 
provides an additional means of differentiating the 
two. 

O. lyrata has been recorded from cattle, sheep 
and deer. It is known to occur in Europe, North 
America and Africa. According to Becklund? it is a 
fairly common cattle parasite in Georgia, U.S.A. 

T. longispicularis has been recorded from both 
sheep and cattle in Australia and North America. 
It is said to be fairly common in cattle in certain parts 
of Australia‘. 

There is no experimental evidence relating to the 
pathogenicity of either O. lyrata or T. longispicularis. 
It seems reasonable to suppose, however, that heavy 
infestations will have harmful effects on the host 
similar to those produced by other species of Oster- 
tagia and Trichostrongylus. 

J. H. Rose 
Ministry of Agriculture, Fisheries and Food, 
Central Veterinary Laboratory, 
Weybridge. April 2. 
1 Morgan, D. O., and Soulsby, E. J. L., Vet. Rec., 68, 1029 (1956). 
* Travassos, L., Monographias do Instituto Oswaldo Cruz, 1, 93 (1937). 
* Becklund, W. W., Proc. Helminth. Soc. Wash., 25, 55 (1958). 
* Sommerville. R. I., J. Helminth., 80, 21 (1956). 


Food Selection by Silkworm Larve 


THIs communication reports the presence of three 
stimulants in mulberry leaves which induce their 
preferential selection as food by silkworm larve. 
The first, which attracts the larve on to these leaves, 
has been identified as 8,y-hexenol or «,8-hexenal by 
T. Watanabe’; the second, which stimulates biting 
action, occurs in the methanol-soluble fraction of the 
leaves; and the third, which appears to stimulate 
continuous swallowing by the larve, is present in 
the fraction insoluble in methanol and soluble in 
water. A combination of these factors is of importance 
for the positive acceptance of food by silkworm 
larve. By the use of these stimulants, extracted 
chemically from mulberry leaves, larve have been 
induced to feed on agar. 

The stimulant for biting action was first discovered 
in water- or methanol-extracts of young mulberry 
leaves, picked on a fine day, whereas in older leaves 
this stimulant was found to exist in an insoluble form. 


Young fresh leaves 
| MeOH 
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Young mulberry leaves were extracted with several 
solvents and fractionated (Fig. 1). For the test of 
biting action, agar in its original state as threads 
was soaked in these fractions and then used as a 
test for biting action. In this state the agar is not 
soft enough to be bitten off and swallowed, so that 
the biting reaction can be observed on its own, 
Table 1 shows whether or not each fraction wag 
observed to be a stimulant for biting action. It will 
be seen that the methanol-soluble fraction (M) con. 
tains this stimulant. After treating this fraction with 
ether, reduced activity of stimulant was observed 
in both ether fractions (#, or H#,) and in the residual 
water layer (W), but the total activity was recovered 
by mixing these two fractions. The purified ether. 
soluble active fraction (Z,) is a yellowish syrup witha 
peculiar odour. 


Table 1. 
Fraction 
M 


TESTS OF BITING ACTION 
Reaction 

R, 

w 

£, 

E; 

E,+Ww 

P; 

R; 


To test for the continuous swallowing reaction, 
the modified method of Thorsteinson? was_ used. 
That is, 3 per cent agar solution containing | per 
cent sucrose and 5 gm. of filter-paper powder was 
used as basal substrate. The addition of this paper 
powder, which enabled the larve to produce feces 
similar to those of larvee fed on leaves, made the test 
quantitative. Each fraction was added to agar basal 
substrates. The numbers of feeces produced overnight 
was taken to indicate the degree of stimulation of 
the swallowing action (Table 2). There was no 
significant difference between the numbers of feces 
in experiments 1 and 2, indicating that the basal 
substrate was suitable for this test and that dried 
leaf powder may be used in place of fresh leaves. 
In the case of the basal diet itself, basal diet with 
pectin (P) or extract residue (R,), the silkworms did 
not try to bite the agar at all, as shown in experi- 
ments 9-11. 


Table 2 





Experi- Substrate | 
| ment No. | 
Leaf powder (5 gm.) 204 


Fresh leaves (10 gm.) 
M 


Total No. 
of feces 





| 36 





RPOSCDNOMCR ONE 


eee 


R, (5 gm.) 











Basal diet: 50 cm.* of 3 per cent agar solid solution containing 
1 per cent of sucrose and 5 gm. of filter-paper powder. 

Dosage: Each fraction, M, E,, P, ete., corresponds in amount 
to that in 5 gm. of powdered mulberry leaves. 

Number of feces: Five larve at the fifth stage were put in a shale 
overnight at 25°C. and the feces were then collected. 


In experiment 3, and especially in experiment 4, 
the agar contained only one stimulant for biting 
action, and larve tried momentarily to bite the 
agar, but did not eat continuously. From these 
experiments it is evident that another factor 3 
necessary for acceptance.of food by the larve. In 
experiments 6 and 7, the silkworms ate the agar 
continuously as if it were mulberry leaf. The agar 








Ind 


1 Wat 
‘Tho 


larg 
Afri 
dist: 
Afri 
mar 
yiel 


Inla 
duri 
of 7 


tagg 
exte 
in si 
plas 
with 
side. 
mou 
leng 
For 
with 


Table 





183 


several 
est of 


l as a 
is not 
> that 

own, 
1 Was 
[t will 
) con- 
L With 
erved 
sidual 
vered 
>ther- 
vith a 


tion, 
used. 
| per 


aper 
C08 


Dasal 
Light 
n of 
; no 


ried 
ves. 
with 

did 
eri- 








5a 


Bees B 







June 20, 1959 


in these experiments contained a mixture of the 
fractions M plus P; or M plus Py}, respectively. From 
these experiments, the fractions P; and Py seem to 
contain @ stimulant for swallowing action. Frac- 
tion Ps is @ water-extract of the residue after 
treating the leaves with methanol, and fraction 
P; is obtained from Ps by the removal of pectin. 
But, as shown in experiment 8, the presence in agar 
of this stimulant alone is not sufficient for its accept- 
ance as food by the larve, as is also the case with the 
biting factor alone. Moreover, the agar containing 
both biting and swallowing factors, as shown in 
experiment 5, is also not acceptable as food. The 
methanol extract (M) contains a biting factor and 
also the volatile substances from mulberry leaves, 
so that in experiments 6 and 7 the agar contained 
all three stimulants. Thus the presence of the three 
stimulants is necessary for food selection by silk- 
worms and the absence of any one of the stimulants 
inhibits feeding by the larve. 

I wish to acknowledge the advice given in con- 
nexion with this work of Dr. G. S. Fraenkel. 

YAsust HAMAMU2A 
Faculty of Textile Fibres, 
Kyoto University of 
Industrial Arts and Textile Fibres, 
Kyoto. 

‘Watanabe, T., Nature, 182, 325 (1958). 
*Thorsteinson, A. J., J. Zool., 81, 52 (1953). 
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Methods of marking Tilapia Spp. 
(Pisces : Cichlide) 


Various species of Tilapia form the basis of 
large commercial fisheries in eastern and central 
Africa, and 7’. mossambica Peters has now been 
distributed in almost every tropical region outside 
Africa for culture in ponds. Simple methods of 
marking for individual and batch recognition can 
yield valuable information to such fisheries. Two 
marking techniques have been developed at the 
Inland Fishery Research Station of this Ministry 
during the past eighteen months, using populations 
of T. nigra (Giinther) in ponds. 

Individual marking. An entirely satisfactory 
tagging method has been evolved from techniques 
extensively used by the Scottish Home Department 
in salmonid studies. The tags are made of coloured 
plastic strips, 6mm. x 3 mm., rounded at both ends, 
with serial numbers and letters die-stamped on either 
side. A small hole is drilled at one end and the tag 
mounted centrally with three close twists on a 5 cm. 
length of 0-0136-in. diameter annealed silver wire. 
For marking fishes, the dorsal musculature is pierced 
with a No. 18 gauge hypodermic needle between the 
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roots of the first and second (or second and third) 
hard dorsal rays, and one end of the wire is threaded 


into the needle. On withdrawing the needle, the 
wire is brought through the muscles and the two ends 
of wire are twisted three or four times together against 
the body. The free ends of wire are cut short and 
both tag and securing twist are pressed back against 
the body of the fish. Pulling the tag tight is impor- 
tant; since loose tags lead to severe wounding. 

Between each tagging the needle is dipped in 
surgical spirit, which appears adequate to prevent 
any infection. This method of tagging has no effect 
on subsequent growth, and some fishes so tagged are 
still alive and growing in ponds eighteen months after 
marking. Actual increase in length of these fishes 
has been as much as 20 cm. in the first six months 
after marking and the tags are firmly and cleanly 
in place. Several hundred fishes have been tagged 
thus in the last twelve months, and no casualties 
attributable to tagging have occurred, though it is 
not advisable to mark fish below 6 cm. total length. 

Loss of tags has never exceeded 8 per cent, despite 
repeated monthly netting and handling of the fish. 
In wild populations, or those handled less frequently, 
the tags are probably lifelong fixtures. There has 
been no evidence of selective predation of tagged 
fishes. 

This method is now being employed on a large 
scale for marking Tilapia in Lake Victoria, but a 
modification in this instance has been to insert the 
tags near the bases of the posterior hard dorsal 
rays in order to avoid accidental and unselective 
tangling of the fish, in the gill-nets used, by the ends 
of wire. We have also marked wild river populations 
of Labeo and Barbus species, well-tagged fish of each 
kind being re-trapped up to eight months later. 

Batch marking. Individual tagging is slow (not 
more than 80 fishes per man per hour), and for rapid 
marking some form of fin-clipping is preferable. 
Since in Tilapia, dorsal, pectoral and anal fins play a 
part in epigamic display, only pelvic fins have been 
amputated; and by simple amputation of these, 
several hundred fish can be marked per hour. Such 
amputation has always been made across the proximal 
bases of the fin rays, since total amputation at the 
peduncle usually causes excessive bleeding, and may 
lead to infection. 

In almost all cases, clipped fins have regenerated 
to full size, often in as little as thirty days. In less 
than 1 per cent of those clipped, no regeneration has 
occurred, possibly due to complete amputation of 
the peduncle. After the first month, therefore, 
immediate recognition of clipped fins is not possible, 
but nevertheless certain structural differences are 
apparent macroscopically up to six months after- 
wards and are by then probably permanent. 



































Table 1. DgLAY IN BIFURCATION OF PELVIC FIN RayYs IN T. nigra AFTER FIN CLIPPING: COMPARISON IN A FISH 18-7 CM. AFTER FIVE MONTHS 
Branched rays 
Left pelvic (cut) Right pelvic (uncut) 
Ree oF ae PEE a BA SES Gs Re 2 SE ee j 0 
Sg ae Wie eee re et ee ee Be er BR AS EG Ge 
First bifurcation [555 | 463 | 415 | 42- 492 | 60- 41+ 41°8 47-0 42-2 
Second bifurcation . sis spi | ” | 
Posse |= | 8 | 3 | es] | = | Ss | Bs | Bo | me 
Third bifurcation aes Fs panies SP as st varies “ sa 
Anterior mee es ok eas vi — | 0 82-5 78-0 ~- 
Posterior — aad | ins | city | — —_— — 79-0 = — 
: h of unbranched ray (mm.) 17-0 19°5 
otal length of ray (mm.) | 32°7 | 30-9 | 26-0 | 21-0 } 166 | 323 4 30°5 | 25°5 21-2 | 16°8 


——_ 








Figures refer to distance from base of ray to bifurcation expressed as percentages of total length of that ray. 
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Fig. 1. Pelvic fins of 7’. nigra Ave months after clipping. A, Left 
clipped pelvic; B, right unclipped pelvic 


In 7. nigra the pelvic fin ray formula is PI 5. The 
first branched ray usually bifurcates once only 
(rarely twice), but the remaining four rays always 
bifurcate twice, and a third bifurcation may occur in 
parts of the second, third and fourth ray. In most 
cases fin-clipping does not alter the formula or 
number of bifurcations, but the difference between 
regenerated and normal fins lies in the apparent 
deferment of the second bifurcation ‘instead of very 
shortly after the first) in clipped fins, and possibly 
as a result of this, the more definite separation of the 
rays after the first bifurcation. Table 1 gives such 
differences numerical expression, and from this it is 
apparent that while the point of first bifurcation is 
little altered in regenerated fins, the second bifurca- 
tion is delayed by about 20 per cent in the anterior 
branch and 10 per cent in the posterior branch of the 
ray. This difference is easily recognizable in the 
field with practice. In addition, the first unbranched 
(spiny) ray is often slightly shorter in clipped fins, 
such a slight disparity being apparent even in the 
live fish on examination if the fins are pulled forward 
by these spines. 

Fish used in these experiments have all shown fast 
growth in ponds up to 4 cm. per month, the delay in 
bifurcation and rapid regeneration of the fins perhaps 
resulting from this, although essentially the same pat- 
tern has been found in fish the growth of which has 
been depressed to 1-2 em. per month. In wild popula- 
tions growth may average only a few centimetres a 
year, and the speed and pattern of regeneration may 
be different. Nevertheless, the much greater numbers 
of fish which can be fin-clipped, as opposed to indi- 
vidual tagging, would lead to a higher percentage 
return of marked fish in commercial catches, if such 
catches are sampled from time to time by an observer 
trained to detect such differences. 

Amputation of the upper lobe of the caudal fin 
has also been tried, but in all cases it has completely 
regrown and shown no structural difference to a 
normal fin within a month, so that caudal clipping 
cannot be recommended as a marking technique. 

Vernon D. van SOMEREN 
PETER J. WHITEHEAD 
Fish Division (Research), 
Ministry of Forest Development, 
Game and Fisheries, 
Nairobi, Kenya Colony. March 9. 
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Seasonal and Tidal Fluctuations in the Trawi 
Catches from the Sierra Leone 
River Estuary 


In March 1958, a series of fish-marking experiments 
was initiated for the first time in Sierra Leone 
territorial waters. Only the demersal species of 
commercial importance were marked, and the area 
chosen for the first year’s liberations was the trawling 
ground off Robene Point, some 13 miles from the 
mouth of the Sierra Leone River estuary. The fish 
for marking were caught with a 28 ft. or 42 ft. otter 
trawl towed by a 28 ft. diesel-powered launch, A 
total of 439 hauls, each of 39 min. duration, was made 
during the course of the marking experiments. 

An analysis of the results of the catch shows that 
over the whole period of the experiments, from March 
1958 until January 1959, an average of 51 per cent 
of the catch per haul was marked, 33 per cent of the 
markable fish died during the trawling operation 
and 16 per cent were unmarkable fish such as Arius 
and Dasyatis, dangerous to handle. The results also 
show a very distinct fluctuation in the catch-rate, 
which was related to the tidal range—higher catches 
were made at neap rather than spring tides ; there 
was no obvious relationship, however, between the 
rate of catch and state of tide. 


VOL. 183 


Table 1. THe AVERAGE NUMBER OF FISH OF ALL SPZOIES IN Eacu 
HAUL DURING THE PERIOD MARCH 1958-JANUARY 1959 





| No. of fish per haul No. of hauis 





September 
October 
November 
December 
January 





Table 1 gives the average number of fish of all 
species caught per haul. In July, a change was made 
from a 28-ft. to a 42-ft. net, and despite its greater 
catching power, there is @ fall-off in the catch-rate 


during the wet season (May—October). A similar 
decline in the catch-rate was observed by two 
trawler firms operating in the Banana Islands area, 
25 miles south of the estuary mouth—a fact which 
suggests that there may be a general movement of 
the fish stocks away from the inshore regions of low 
temperature and salinity at this time of the year. 
There are some indications that the catch-rate 
may also be influenced at times by differences in the 
opacity of the water masses covering the grounds. 
Normally the water is very turbid, and Bainbridge’, 
using a standard 30-cm. Secchi disk during plankton 
investigations in the estuary, found greater turbidity 
at spring than at neap tides, presumably due to the 
greater scouring action of the very strong (4-5 knot) 
tidal currents on the ebb at springs. Extinction 
coefficients (K—1-7/D) of as much as 3-4, corresponding 
to a disappearance of the disk at only 0-5 m., were 
recorded in the mid-estuarine region at such times. 
During the present experiments, observations were 
made at various states of the tide with a disk of a 
similar diameter in the Robene Point area. The 
readings, which have been compared with the catch 
per haul, are given in Table 2. From. these com- 
parisons, it will be clearly seen that there isa fall-off 
in the catch-rate with the clearer water, presumably 
due to the fish avoiding the gear. In this connexion, 
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Table 2. THE RELATIONSHIP BETWEEN THE OPACITY OF THE WATER 
AND THE AVERAGE CATOH PER HAUL IN THE ROBENE POINT AREA 
DURING THE PERIOD SEPTEMBER TO DECEMBER 1958 

















Secchi disk-range Average No. per haul N. 
(m.) 
05-0°9 26 18 
1-0-1°4 28 23 
1-5-1°9 25 33 
2-0-2°4 23 40 
2-56-29 16 18 
3-0 >3 4 





it is interesting to note that over a five-day period 
in June, when the water in the Robene Point area 
was exceptionally clear, a nylon net gave a catch-rate 
of 110 Ib. per hour and a tanned hemp net 33 lb. per 
hour when fished in turn from the same boat; the 
difference disappeared when the disk readings fell 
below 3-5 m. 
J. C. D. Warts 
Fisheries Development and Research Unit, 
Freetown, 
Sierra Leone. 
1 Bainbridge, V., J. Ecol. (in the press). 


The Amphipod, Hyperia galba, an Ecto- 
parasite of the Jelly-fish, Cyanea capillata 


Very few real facts are known concerning the 
relationships between the amphipod Hyperia galba 
(Montagu) and the various jelly-fish with which it is 
associated. Some writers have referred to H. galba 
as a parasite’ but without providing any direct 
proof. Orton’ assumed H. galba to be a food parasite, 
and Hardy* was inclined to.accept this view. Stephen- 
sen?’ maintained that no amphipod except the 
cyamids is a true parasite, and this is the view 
adopted in current parasitological works of reference. 

Recently, I had the opportunity to examine histo- 
logically the digestive tract of twenty-five specimens 
of H. galba from Bergen, Norway, which were obtained 
from Cyanea capillata (L.). I was immediately struck 
by the presence of empty nematocysts in virtually 
all the formed food remains encountered in the gut. 
As C. capillata frequently catches other medusae, 
especially Aurelia aurita (L.) and hydromedusae, it 
remained to settle whether the nematocysts came 
from C. capillata itself or from its prey. Few nemato- 
cysts pass the mouth-parts of H. galba undamaged, 
but in one specimen a number of well-preserved, 
discharged nematocysts were found in the atrium oris. 
Several of these nematocysts could be identified as 
heterotrichous microbasic euryteles of the type 
characteristic of scyphozoan medusae. Three of 
them which could be accurately measured were 
13-2, 13-4 and 14-1ly long and 8-6, 8-6 and 9-4y wide, 
respectively. Papenfuss® gives the average of 50 
discharged euryteles of C. capillata as 13-6u x 8-lu 
and the normal (length ?) variation as + 2u. Thus 
the three nematocysts in question fall well within 
the normal range of C. capillata but outside that of 
all other seyphozoan medusae occurring in the area. 
One further discharged nematocyst could be identified 
as a haploneme measuring 17-0 in length x 11-2y 
m width. Nothing can be seen of any possible 
armature of the thread. The size agrees fairly well 
with that of the atrichous haploneme A of C. capillata, 
which averages* 18-0u x 13-2u. Although the 
hundreds of empty nematocyst capsules found in the 
gut cavity could not be accurately measured, they 
give the same general impression as a slide of macer- 
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ated nematocysts of C. capillata, while a similar 
sample from A. aurita looks rather different, the 
capsules being much smaller. A very small number 
of nematocysts pass the intestine undischarged. 
Generally, they are rather distorted, and in no case 
has it been possible to measure them with satisfactory 
accuracy. Some of them could be identified as 
euryteles. 

On the evidence presented above, it seems safe to 
conclude that H. galba is a true ectoparasite of the 
jelly-fish with which it is associated. A more com- 
prehensive account of the observations will be 
published elsewhere. 

The material for the present study was collected 
at the Marine Biological Station of the University of 
Bergen. 

Err Dani 

Zoological Institute, 

Lund, Sweden. 

Feb. 24. 

1 Sars, G. O., “An Account of the Crustacea of Norway”, 1, 7 (1895). 
* Scheuring, L., Biol. Centralbl., 35, 182 (1915). 
* Chevreux, E., and Fage, L., ““Faune de France”, 9, 12 (1925). 
‘ Poulsen, E. M., “Vort Lands Dyreliv”, 2, 207 (Copenhagen, 1950). 
5 Orton, J. H., Nature, 110, 178 (1922). 
* Hardy, A. C., “The Open Sea”, 128 (London, 1956). 
* Stephensen. K., “‘Tierw. d. Nord u. Ostsee”, 14, X.f. 21 (1929). 
* Papenfuss, E. J., Acta Univ. Luna, N.F. Avd. 2, 31, No. 11, 5 (1936). 


Evidence on Growth-rates obtained from 
Two Marked Humpback Whales 


RECENT estimates of the age at which whales reach 
sexual maturity have depended primarily on the 
interpretations placed on the rate of accretion of 
recognizable zones in certain structures such as baleen 
and ear plugs. Several workers! have pointed out 
that none of the ageing methods for any species has 
yet been standardized against organs from whales of 
known age. Only whales marked as calves would be 
of accurately known age at the time of capture, but 
no such animals have yet been recovered. However, 
two marked humpbacks caught in Cook Strait, New 
Zealand, have each provided material from immature 
animals of known minimal age. 

A male humpback (mark No. 12092), was marked 
in Foveaux Strait, 46° 25’ S. on November 7, 1955, 
when it was travelling southwards, presumably 
towards the antarctic feeding grounds. At the time 
of marking it was estimated to be 36 ft. in length, a 
figure which later proved too high yet confirmed that 
the whale was not one of the young suckling calves. 
often encountered in Foveaux Strait® at the time of 
southward migrations. It is therefore very probable 
that this animal had been born in the subtropical or 
tropical breeding areas not later than the second 
winter preceding its marking, and it would therefore 
have been in its second year at a minimum at the 
time of marking. On recovery at Cook Strait when it 
was northbound 19 months later* (June 18, 1957) 
this specimen could be assigned a minimum age of 
3 years. The baleen showed three well-defined zones 
(Fig. 1) consistent with the now generally accepted 


Fig. 1. Baleen tracing from a male humpback of 34 ft. 7 in. show- 
ing the three zones regarded as annual increments 
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Section of wax ear plug from the same animal as in Fig. 1- 
Five distinct and indistinct zones are present 


Fig. 2. 
view that baleen adds one zone annually. The wax 
ear plug, which was rather soft, showed 5 distinct 
and 2 indistinct laminations (Fig. 2), which agrees 
satisfactorily with the hypothesis that two ear-plug 
laminations are formed per year. 

The standard length of this humpback at the date 
of capture was 34 ft. 7 in., and the mean weight of the 
testes was 1-36 kgm., that is, 0-64 kgm. less than the 
mean weight of 2 kgm. at sexual maturation’. In 
addition the seminiferous tubules were still closed. 
While the length at which sexual maturity occurs in 
male humpbacks off West Australia has been shown 
to be 36 ft. 9 in.5, I have found that results from 336 
males caught from the same New Zealand stock as 
that from which this marked specimen was recovered 
indicate a mean length of 38 ft. 0 in. at this stage. 
Only three males of less than 37 ft. have been found 
mature in New Zealand catches while four exceeding 
39 ft. were immaiure, so it is clear that the marked 
animal was substantially smaller than the size at 
which sexual maturation is normally achieved. When 
considered in conjunction with the size of testes and 
closed seminiferous tubules, these results indicate 
that the marked humpback would have been very 
unlikely to reach sexual maturity during the following 
few months in subtropical waters. However, it could 
possibly have matured during the subsequent winter. 
12 months later, when it would have been a minimun 
of four years old. 

A northbound female humpback was marked in 
Cook Strait (No. 12043) on May 31, 1955. The phase 
of migration and the fact that it was not a caif indicate 
that the animal was then at a minimum age of 
approximately one year. On recovery in Cook Strait 
exactly 12 months later this whale was 36 ft. in 
length, with a total ovary weight of 330 gm. While 
Chittleborough* found a mean length of 38 ft. 6 in. 
for female humpbacks at sexual maturity off west 
Australia, 426 pairs of ovaries from New Zealand 
catches examined by me indicate a mean length of 
39 ft. 6 in. in the latter region, where only three females 
of less than 39 ft. 0 in. have proved to be sexually 
mature, with six females between 41 ft. 0 in. and 

2 ft. 6 in. still sexually immature. While there is 
much individual variation in ovary weights, those 
from the specimen under discussion were approxi- 
mately half the weight of the smallest pair listed for 
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@ mature humpback’, and the maximum follicle 
sizes (18 and 22 mm.) were substantially less than the 
30 or more mm. which normally indicates approaching 
follicle maturation. Follicles of similar sizes to the 
above have been encountered by Chittleborough’ in 
female humpbacks as small as 33 ft. The available 
results nowhere indicate the approach of sexual 
maturity within the breeding season commencing at 
the time the animal was caught. Since the whale 
would have been at least three years old at the 
subsequent breeding season, a minimum of three years 
appears to be required to reach sexual maturity. 
This figure would have to be raised if the animal was 
(a) more than a year old when marked, (b) more 
than one year under the age at which it would have 
been mature, or both (a) and (6). Baleen and ear 
plugs were unfortunately not obtained from this 
whale. 

The age of sexual maturation indicated by the 
histories of these two marked humpbacks is substan- 
tially greater than the estimate of two years® which 
has long been accepted, but falls within the estimate 
of 3-44 years for females* calculated after analysis of 
recent material using indirect methods. No recent 
estimate for male humpbacks appears to have been 
published, but the minimal figure of 4 years indicated 
by the marked whale here described is double that 
obtained by Matthews* for both male and female 
humpbacks. 

Thanks are due to Mr. G. T. Perano and Mr, 
C. Huntly for material and information relating to 
the above whales and to Dr. R. G. Chittleborough for 
preparing the baleen tracing and for his helpful 
comments on this and the wax ear plugs. 


W. H. Dawsin 
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Zoology Department, 
University of Sydney, 
Sydney, N.S.W. 
March 20. 


a, R. G., and Godfrey, K., Norsk Hvalf. Tid., 5, 238 
(1957). 


? Symons, H. W., and Weston, R. D., Norsk. Hvalf. Tid., 2, 53 (1958). 
* Dawbin, W. H., Norsk. Hvalf. Tid., 9, 485 (1956). 

* Dawbin, W. H., Norsk Hvalf. Tid. (in the press). 

5 Chittleborough, R. G., Aust. Mar. Freshwater Biol., 6, 1 (1955). 
* Chittleborough, R. G., Aust. Mar. Freshwater Biol., 6, 315 (1955). 
* Chittleborough, R. G., Aust. Mar. Freshwater Biol., 5, 35 (1954). 
*JMatthews, L. Harrison, “Discovery Repts.”, 17, 17 (1937). 


Genal Czca of Agnostids 


GENAL ceca are lateral appendages of the stomach 
of trilobites and are interpreted as hepatic glands. 
These glands are not fossilized but are preserved as 
delicate imprints of veins in the trilobite test. Genal 
ceca have been found in many trilobites, especially in 


Cambrian ptychopariids. In agnostids, however, 
genal czeca have not been described as yet. 

In many agnostids (Fig. 1) the surface of the 
cheeks is wrinkled. The wrinkles form a coherent 
radiating ‘ornament’ of narrow furrows—scrobicules, 
and wider branching swellings—the ruge. Each 
cheek has a ramified leaf-like set of ruge which 
represents a symmetrical pair of alimentary glands. 
These glands are homologous with the genal ceca of 
other trilobites. In agnostids they are connected 
with the stomach by one pair, or two pairs, of short 
diverticular ducts. The scrobicules, which are 
furrows on the outer surface of the test, represent 
parietal septa on the inner surface. These septa, with 
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Fig. 1. Cephalon of a Middle Cambrian agnostid (Ptychagnostus). 

C, Cxcal glands; d, diverticular ducts; /f, transverse glabellar 

furrow. Parietal septa (scrobicules), dorsal furrows, and border 

are shown in black; the cecal glands, diverticula and bipartite 
stomach (glabella) are left white 


mesenterial membranes attached to them, served as 
partitions to keep the glands in position. The stomach 
was located in the glabella, as in other trilobites, but 
in the agnostids was divided by the transverse 
glabellar furrow into two connected cavities. 

The pattern of the cecal glands of agnostids is 
simpler than that of other trilobites and has a great 
similarity to the czecal glands of such arthropods as 
Burgessia Walcott and Naraoia Walcott. It should be 
noted that the pygidia of agnostids were provided 
with similar glands. 

Intestinal appendages have been observed as 
impressions on the test of the thorax and the pygidium 
in Australian Cambrian ptychopariids as well. It is 
already evident that the intestinal appendages of 
trilobites had a segmental distribution and that each 
segment had two pairs of them. 

A full account will be given in a forthcoming paper. 

This communication is published with the approval 
of the Director, Bureau of Mineral Resources Geology 
and Geophysics, Department of National Develop- 
ment, Canberra. 


A, A. Oprk 


Bureau of Mineral Resources, 
Geology and Geophysics, 
Childers Street, 
Turner, Canberra. 
March 4. 


Life Span of Individual Yeast Cells 


THE division of a yeast cell by budding gives rise to 
two cells which are identifiable, that is, the mother 
cell from which the bud arose, and the daughter cell 
which developed from the bud. The wall of the 
daughter cell presumably is synthesized de novo while 
that of the mother cell retains all or at least part of its 
identity through the division—an example of linear 
inheritance’. That the wall of the mother cell is not 
reformed is evidenced by the accumulation of scars 
associated with each budding event*. Electron 
micrographs*-> reveal a scar area that is approxi- 
mately 1 per cent of the surface area of the cells. If, 
as indicated by Barton?, a bud is never formed at the 
site of a scar, then it is possible that the life-span of 
individual cells would be limited by depletion of 
available budding sites. Barton observed one cell to 
bud 23 times but did not observe a cessation of 
budding. Other progressive changes also might limit 
the number of divisions that a single cell can complete. 
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This report describes an experiment designed to 
determine the life-span of single yeast cells and 
includes consideration of possible mechanisms for 
life-span limitation. 

A hybrid diploid culture of Saccharomyces cerevisiae, 
X30, was used for the entire study. The procedure of 
life-span analysis was as follows : 

A layer of growth medium (0-5 per cent yeast 
extract, 1 per cent dextrose, 2 per cent agar) was 
spread on the surface of a 22mm. x 22 mm. coverslip 
and a loopful of a dilute suspension of cells was streaked 
along one edge of the surface of this agar layer. The 
coverslip was then inverted over a micromanipulation 
chamber, maintained at 30° C. 

With the aid of a micromanipulator, a number of 
budding cells were drawn into the central region of 
the agar. The coverslip was then removed, and the 
agar containing the original inoculum was cut off 
leaving only the selected budding cells. The coverslip 
was again placed in position, and the orientation of the 
buds on each of the mother cells was recorded. The 
cells developing from these buds were used as starting 
mother cells and the original mother cells were 
drawn to the edge of the agar layer. As new buds 
appeared on the starting mother cells, their positions 
were recorded, and when they had budded again 
they were removed. Only when the mother cell and 
its daughter have each budded can they be separated®, 
so bud removal was always delayed one generation. 
A strip of agar containing the discarded cells and 
their descendants was periodically cut away from the 
main agar layer to limit the rate of depletion of the 
medium. To estimate generation times, the starting 
mother cells were examined at frequent intervals and 
the times of appearance of buds recorded. Each of the 
starting mother cells was followed until it failed to 
bud further. The total number of buds produced was 
considered the life span. 

A total of 36 mother cells was observed, and the 
number of buds each produced is shown in the 
histogram (Fig. 1). A mean life-span of 23-9 genera- 
tions with a standard deviation of 8-3 generations 
applies to this distribution. After three or four 
generations the mother cells were easily distinguished 
from their mature buds. They were considerably 
larger than first-generation mother cells, as observed 
previously*. Also surface irregularities that were 
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Fig. 1. Life-span distribution for single yeast cells. The different 

symbols represent separate experiments, except for the open 

and closed circles. The starting mother cells of the latter series 

(@) were derived from the first buds of the starting mother 
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most likely due to bud scars were easily seen. 
Throughout most of the life-span of the cells, the 
generation time varied between 60 and 100 min. 
However, the final one to three divisions of nearly 
all the cells were found to be much longer in duration, 
some lasting up to 6 hr. With cessation of budding, 
most of the cells became granular and some lysed. 
Both of these observations indicate death of the 
cell. 

That the surface area of the cells increases with 
repeated budding suggests that the bud scar does not 
replace a portion of the original cell wall but instead 
fills a region that has been opened in the cell wall 
during bud formation. If this is the case, limitation 
of life-span by depletion of available regions for 
budding would seem less attractive as a hypothesis. 
Also it would be difficult to account for the wide range 
of life-spans observed on the basis of this hypothesis. 
If it is assurmed that the scar regions are not active in 
metabolic exchange between the cell and its environ- 
ment, a possible explanation of the results could be 
that the active surface-to-volume ratio. decreases 


below a level necessary to maintain normal metabolic” 


processes, thus precipitating death of the cell. The 
very long terminal divisions could easily be accounted 
for on the basis of this hypothesis. 

Alternative hypotheses based on random occurrence 
and accumulation of deleterious nuclear events such 
as nondisjunction or recessive lethal genetic changes, 
or on random depletion of essential autonomous 
cytoplasmic constituents, were considered less plaus- 
ible since the original population should already 
be in equilibrium with such events, and the death- 
rate per generation would be expected to remain 
constant. 

This work was carried out under contract with the 
U.S. Atomic Energy Commission. 


Rosert K. Moxzimer 
JoHN R. JOHNSTON 


Donner Laboratory of Biophysics 
and Medical Physics, 
University of California, 

Berkeley, 

California. 
* Lederberg, J., Genetics, 41, 845 (1956). 
* Barton, A. A., J. Gen. Microbiol., 4, 84 (1950). 
* Bartholomew, J. W., and Mittwer, T., J. Bacteriol., 65, 272 (1953). 
* Bradley, D. E., J. Roy. Micro. Soc., 75, 254 (1956). 
* Agar, H. D., and Douglas, H. C., J. Bacteriol., 20, 427 (1955). 
* Burns, V. W., J. Cell. Comp. Physiol., 47, 357 (1956). 


SOIL SCIENCE 


Swelling of Clay-Water Systems 


CLAY-—WATER systems are such that care must be 
taken to distinguish between systems which describe 
the final reproducible hysteresis loop and _ those 
systems which can be regarded more appropriately 
as having a gel-like structure. 

In a series of papers, Bolt et al.1-* have reported 
film thicknesses for clays saturated with sodium or 
calcium ions. Their results have been obtained in 
the main by the drying of clay materials from the 
gel state. Croney and Coleman‘ and also Holmes* 
have clearly demonstrated that in order to obtain 
the final reproducible hysteresis loop for a clay 
material it must be dried to its shrinkage limit. 
Even after drying to a terminal pressure approaching 
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40 atm., the water content obtained by Warkentin, 
Bolt and Miller? for a Ca** montmorillonite, on 
rewetting to a hydrostatic suction of 0-1 atm., is sti] 
extremely high. Water contents obtained in this 
laboratory using Ca** montmorillonite (Redhill, 
Surrey) compressed into cores at 1,200 atm., then 
taken through wetting and drying cycles from 0-0] 
atm. suction to complete desiccation over phosphorus 
pentoxide to obtain the final reproducible hysteresis 
loop are very much less than those obtained by the 
workers at Cornell University. Furthermore, in 
calculating the film thicknesses from their data, 
these authors have assumed that the water retained 
by the clays was uniformly spread over the entire 
surface of the montmorillonite. Thus these workers 
regarded the internal and external surfaces of the 
montmorillonite crystals as being equivalent. Hoy. 
ever, Norrish and Quirk* have shown that for Ca* 
montmorillonite the d(001) spacing does not increase 
beyond 19 A., which indicates a film thickness con- 
siderably less than the overall film thickness calcu- 
lated by Warkentin, Bolt and Miller. 

Before proceeding to an analysis of the water-film 
thickness on a clay surface, a satisfactory model for 
the clay mass as a whole is necessary. 

The simplest type of model is one in which the 
clay mass is envisaged as a porous medium; in 
between the pores we have a clay matrix in which the 
clay particles are oriented on a micro-scale. From 
microscopic evidence, these regions of oriented clay 
are of the order of one micron diameter and are 
randomly placed with respect to one another through- 
out the matrix. Each of these regions is thought of 
as a domain. 

When such a clay mass swells without external 
constraint, the increase in volume arises from addi- 
tional water held by the clay surfaces together with 
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an increased pore volume caused by the expansion of | 


the clay matrix. This increase in pore volume is 
regarded as being proportional to the overall volume 
change. 

For a Ca*+ montmorillonite, with a total surface 


area of 760 m.*/gm. of which 112 m.*/gm. is the | 


external surface of the clay crystals as measured by 
nitrogen adsorption, the uptake of distilled water at 
a hydrostatic suction of 0-01 atm. was 0-91 c.c./gm. 
(about 1-6 c.c./gm. was obtained by Warkentin 
et al.*), The volume of the oven-dry clay and the 
oven-dry porosity of the clay mass were measured 
as 0-39 c.c./gm. and 0-13 c.c./gm. respectively. 
Assuming that the pore volume increases propor- 
tionally to the total volume of the clay mass, the 
swollen porosity becomes 0-33 c.c./gm. Hence, the 
water content associated with the clay surfaces is 
0-58 ¢.c./gm. A d(001) of 19 A. indicates a film thick- 
ness of 4-5 A. and for an internal surface of 648 m.’/ 


gm. this film thickness corresponds to 0-29 c.c./gm. | 
of intracrystalline water. Thus 0-29 c.c./gm. of water | 


are associated with the external surfaces and corre- 


spond to a film thickness of 26 A. Similar calculation | 


using a Ca* illite clay (County Grundy, [llinois) 
where no intracrystalline swelling is involved gives 
a value of 36 A. for the water film thickness on the 
illite surface. These film thicknesses could probably 
be 5-10 A. greater, since an appreciable proportion 


of the porosity measured in the dry state arises | 
from incomplete contact of crystal cleavage faces, | 


thus giving rise to an over-correction for swollen 
porosity. 

The magnitude of these film thicknesses clearly 
indicates that the diffuse double layer concepts’® are 












13 E 
8 Pp, 





i “¥ 





L. 183 


arkentin, 
nite, on 
Ly is still 
In this 
(Redhill, 
n., then 
om 0-0] 
»sphorug 
ysteresig 
| by the 
10re, in 
ir data, 
retained 
© entire 
workers 
; Of the 
. How. 
for Cat 
increase 
988 Con- 
3 caleu- 


ter-film 
del for 


ich the 
m; in 
ich the 

From 
od clay 
nd are 
rough- 
ight of 


xternal 
1 addi- 
r with 
sion of 
ume is 
7olume 


surface 


is the | 


red by 
ater at 
¢./gm. 
kentin 
id the 
asured 
tively. 


ropor- | 


s, the 
e, the 
ces is 
thick- 
8 m.*/ 
3./gm. 
water 
corre- 
lation 
inois) 
gives 
n the 
bably 
»rtion 
arises | 
faces, | 
rollen 


early 
‘5 are 


June 20, 1959 


not applicable to the swelling of clay systems saturated 
with calcium ions. Furthermore, the reduction in 
swelling with increasing electrolyte concentration is 
considerably less than would be expected from diffuse 
double layer concepts. This is particularly noticeable 
for the Ca*+ illite, where swelling is not reduced 
until concentrations in excess of M calcium chloride 
are used. Calculations reveal that the London—van 
der Waals forces are not sufficient to explain the 
attraction between clay crystals at separations of 
this order and it appears likely that further develop- 
ment of the ideas of electrostatic attraction pro- 

by MacEwan*.’° are necessary to explain the 
attractive forces in Ca*+ clay systems. 

The ideas of pore swelling and the organization 
of a clay on a domain basis have important implica- 
tions with respect to the soil mechanics concept of 
soil strength and soil—-water hysteresis other than 
the final reproducible hysteresis loop. As a clay—water 
system dries from a situation approaching the gel 
state, the formation of domains of oriented crystals 
and the subsequent re-orientation of these domains 
to positions of minimum potential energy cause the 
actual pore volume of the mass to decrease con- 
tinually. On rewetting from positions on the normal 
consolidation curve with different basic pore volumes 
the domains retain their entity and swell as such, 
causing the pore volume to swell proportionately to 
the overall volume of the clay mass and giving rise 
to a series of hysteresis loops. This also enables the 
same water content (voids ratio) to be obtained with 
quite different structural arrangements within the 
clay mass and must of necessity result in appreciable 
differences in the strength of the soil structure 
depending on the ratio of the water held in pores to 
that held within the domains. It is suggested that 
the concepts of domains and pore swelling obviate 
| the necessity of latent interparticle forces as postu- 
lated by Parry". 

The form of the hysteresis loops can be explained 
on the basis of Everett and Whitton’s!? domain 
theory of hysteresis. 

The idea of domains as proposed here leads to a 
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| much better appreciation of the role of organic 


matter in bringing about stable aggregation in agri- 
cultural soils'*4, The polymeric molecules in soil 
organic matter are thought to exist as binding 
between adjacent domains. 

The detailed presentation of the work discussed 
here will be published shortly. 


L. A. G. AYLMORE 
J. P. Quirk 





| Department of Agricultural Chemistry, 


Waite Agricultural Research Institute, 
University of Adelaide. 
March 24. 


cath H., and Miller, R. D., Proc. Soil Sci. Soc. Amer., 19, 285 


(1955) 
*Bolt, G. H., Géotechnique, 6, 86 (1956). 
* Warkentin, B. P., Bolt, G. H., and Miller, R. D., Proc. Soil Sei. 
Soc. Amer., 21, 495 (1957). 
‘Croney, D., and Coleman, J. D., J. Soil Sci., 5, 75 (1954). 
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Nylon Capillary Columns for use in 
Gas-Liquid Chromatography 

THE use of long, coated capillaries in gas-liquid 
partition chromatography was first suggested by 
A. J. P. Martin! and was developed by M. J. E. 
Golay*?. Compared with the conventional packed 
columns, coated capillaries have provided a means of 
obtaining very high efficiencies with comparatively 
small retention times. Results that have so far been 
published? have been obtained from capillaries 
constructed from metal or glass (Desty, D. H., 
unpublished work). 

The characteristics of a material suitable for 
constructing capillaries for gas-liquid partition chrom- 
atography are as follows: (1) the substance should 
show little or no adsorption to either the liquid phase 
or the solutes to be separated ; (2) the surface of the 
material should be ‘wettable’ by the liquid phase ; 
(3) the material should have a practical range of 
operating temperature ; (4) the material should be 
capable of being drawn into capillaries of narrow 
diameter and even bore, with a smooth internal 
surface; (5) the material must have sufficient 
mechanical strength for the apparatus to be robust. 

Nylon has these necessary characteristics if the 
capillaries are to be used in the separation of hydro- 
carbons. Nylon capillaries 0-01 in., 0-02 in. and 
0-1 in. in diameter and 100 ft. long were investigated 
for use in the gas-liquid chromatographic analysis of 
aliphatic and aromatic hydrocarbons. At 23° C. 
these columns were found to show no adsorption 
effects with paraffins, and little or no adsorption 
effects with aromatic hydrocarbons. Benzene and 
toluene were eluted from an empty column with the 
‘air-peak’, p-xylene showed slight retention, while 
cumene (boiling point 152° C.) showed more distinct 
retention. A maximum efficiency of 5,000—6,000 
theoretical plates was obtained from the 0-1 in. 
diameter column, whereas the 0-01 in. and the 
0:02 in. diameter columns both gave maximum 
efficiencies of 50,000 plates. The efficiency of these 
columns, however, decreased with retention time. 
The exact cause of this decrease has not yet been 
ascertained, but results suggest that it is due to a 
form of overloading. 

From the results obtained from the 100-ft. columns, 
it became apparent that a column 1,000 ft. in length 
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It was then argued that if a gas 
stream of known purity were used ag 
the carrier, ‘negative peaks’ were 
possible when deficiencies of com- 
ponents occurred in the sample 
compared with the carrier. 

In theory this seemed possible, if 
it was assumed that impurities in 
the carrier gas sample formed an 
equilibrium down the column. On 
injection, the replacement of a 
t volume of carrier gas by an equal 
volume of gas containing the same 
| il | impurities in a lower concentration 
WP would disturb the equilibrium. 
Furthermore, these disturbances in 
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1,000-ft. nylon column 


should give an efficiency of between }- and 1-million 
plates. To reduce the pressure differential across the 
column, the 0-02 in. diameter capillary was chosen, 
and 1,000 ft. was coated with dinonyl phthalate by 
passing a 10 per cent w/v solution of dinony] phthalate 
in ether through the column. At a room temperature 
of 20-23° C., this column was found to give a maxi- 
mum efficiency of three-quarter million plates for 
butane, which was eluted in about 60 min. This 
efficiency fell to about half-million plates for n-hexane, 
which was eluted in about 90 min., and finally to 
250,000 plates for n-heptane, which was eluted in 
about 170 min. A _ curve relating the height 
equivalent of a theoretical plate for this column to 
gas velocity is shown in Fig. 1, and a chromatogram 
for a petroleum fraction boiling up to 100° C. is 
shown in Fig. 2. The micro-argon detector was 
used with this column and the apparatus was found 
to function satisfactorily up to 100° C. A type of 
nylon is available, however, that is stable up to 
180° C. Results have indicated that the column is 
slightly porous to water vapour. This can be reduced 
by previously coating the inside of the column with 
an inert ‘epoxy’ resin. 
Full details of the work will be published later. 
R. P. W. Scorr 


Technical Department, 
Research Section, 
Benzole Producers, Ltd., 
Watford, Herts. 

May 7. 

* Martin, A. J. P., in “Vapour Phase Chromatography”, 2, edit. by 
Desty, D. H. (1957). 

*Golay, M. J. E., in “Gas Chromatography”, 1, edit. by Coates, 
Noebels and Fagerson (1957); in “‘Vapour Phase Chromato- 
graphy’, s¢, edit by Desty, D. H. (1957). 

* Dijkstra, G., and de Goey, J., in “Gas Chromatography”, 56, edit. 


by Desty, D. H. (1958). Desty, D. H., Nature, 183, 107 (1959) . 
Lovelock, J. E., and Zlatkis, A., Anal. Chem., 620 (1959). 


Analysis by Gas Chromatography of a ‘Pure’ 
Sample with an ‘impure’ Carrier 


A RECENT analysis problem involved the measure- 
ment of trace components in a ‘pure’ gas stream. 
-t was decided to attempt to analyse the stream by 
gas' chromatography. However, no gases more pure 
than the plant stream were available commercially, 
and laboratory attempts to produce a plant stream 
of even higher purity on a continuous scale were 
not satisfactory. 


any one component would travel 
down the column in the same man- 
ner as would a higher concentra- 
tion. 

In order to verify this experi- 
mentally, argon was used as the gas under investiga- 
tion ; it contained nitrogen, oxygen, hydrogen and 


methane in the 0-50 p.p.m. range as impurities. Sep- | 
aration was achieved using an 18-ft. column of Linde’s | 


molecular sieve No. 5 A with a flow-rate of 2 1./hr. 
Detection was by means of my design of gas discharge 
cells. Mixtures of the impurities were made up in argon 
and carefully analysed by a mass spectrometer, which 
served as « check on the initial mixing calculations. 
Choosing the mixture with an intermediate concen- 
tration of impurities as the carrier, and the low and 
high concentrations alternately as the sample, sc ries of 
negative and positive peaks were obtained for which 
the calibrations were approximately the same. 

Thus, the chromatographic analysis was proved 
possible of a gas containing impurities using a carrier 
gas with the same impurities in a higher concentra- 
tion. For a practical application it was found 
possible to use a cylinder of plant gas, analysed by 
mass spectrometer, as the carrier gas; when the 
plant stream was analysed, its deficiency or excess 
of any component when compared with the carrier 
was recorded as a negative or positive peak. 


V. Wiis 
Instrument Development Section, 
Imperial Chemical Industries, Ltd., 
Billingham Division, 
Co. Durham. May 4. 


Micro Determination of Calcium 


I am grateful to Dr. G. J. van Kolmeschate, of 
the Analytical Institute, Delft, and to Drs. H. A. 
Flaschka and A. J. Barnard, jun., of the Georgia 
Institute of Technology, and the Baker Chemical 
Co., New Jersey, respectively, for directing my atten- 
tion to the fact that the indicator used by me? for 
the micro-determination of calcium is Eriochrome 
Black 7’, and therefore well known in this connexion. 
For this I express my regret: the error was due in 
part to discrepancies in the literature. However, 
although the use of this indicator is evidently not 


novel, my results show that it is possible to use it at | 


pH 12-13, where other workers have found it un- 
satisfactory ; I have therefore found it possible to 
determine calcium directly in the presence of mag- 
nesium. Possibly my ability to obtain a satisfactory 
end-point is due partly to carrying out the titration 
in essentially a thin film, and partly to using a high 
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concentration of indicator—5A of a 0:4 per cent 
methanol solution, or about 40 times the concentra- 
tion used by Hildebrand and Reilly with ‘Calcon’?. 
In this respect I find Eriochrome Black T to be 
superior to the latter indicator at such micro-levels. 
With the very small volumes involved, the coloration 
of ‘Calcon’ is undetectable at the recommended con- 
centration: and using this indicator sufficiently 
concentrated to produce a visible coloration leads 
to gross inaccuracies which the use of blank determ- 
inations cannot correct at the calcium-levels it is 
desired to estimate. On the other hand, the high 
concentration of Eriochrome Black T required to give 
a detectable colour apparently does not affect the 
accuracy Of the results. 
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A. B. GILBERT 


Department of Zoology, King’s College 
(University of Durham), 
Newcastle upon Tyne. May 15. 


‘Gilbert, A. B., Nature, 188, 888 (1959). 
‘Hildebrand, G. P., and Reilly, C. N., Anal. Chem., 29, 253 (1957). 


Lowest Oxidation States of 
Technetium and Rhenium 


THE polarographic reduction of perrhenate ion, 
ReO,-, to rhenide ion has been studied in some 
detail? ; although the possibility of a —I state for 
technetium has been mentioned*, no experimental 
evidence for such a state appears in the literature. 

The polarographic reductions of potassium perrhen- 
ate and pertechnate in 2 N potassium chloride have 
been compared. For perrhenate, Lingane! found 
that the reduction wave was considerably larger 
than that expected for an eight-electron reduction 
to Re(—I), although he found that the n values 
tended towards this value with increasing con- 
centration. Our results agree with Lingane’s in 
dilute solutions, but at concentrations greater than 
0-5 mM the reduction wave corresponds exactly to 
an 8-electron reduction. 

For potassium pertechnate in 2 N potassium 
chloride, an 8-electron, irreversible, diffusion-con- 
trolled reduction very much the same as for per- 
rhenate is observed, clearly showing that reduction 
to a —I oxidation state occurs. In dilute solutions, 
technetium shows a similar effect to rhenium in that 
the n values become greater than 8, although this 
does not occur until concentrations in the range of 
about 0-025 mM are reached. The half-wave poten- 
tial of the single wave varies slightly with con- 
centration, being —1-15 V. at 0-1 mM and —1-12 V. 
at 0-01 mM. The wave is well defined and would 
be suitable for the determination of technetium in 
concentrations down to 1 p.p.m. 

The nature of the reduced rhenium species has 
generally been considered to be Re- or [Re(H.0),]-, 
and solid rhenides have been isolated‘*. However, 
we have found that aqueous solutions of perrhenate 
reduced by sodium amalgam show a well-defined 
proton resonance in the high-field region character- 
istic’ of transition metal to hydrogen bonds at 
~ 850 cycles/sec. vs. water at 56:45 Mc./sec. ; 
aqueous solutions of a solid rhenide after passing 
through a cation resin column have also been found 
(Ginsberg, A. P., and Miller, J. M., Columbia Univer- 












sity, New York, personal communication) to give a 
Similar resonance line. 

In alkaline solution, therefore, the reduced ‘rhenide’ 
Species contains an Re—H bond ; this finding also 
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shows that the presence of strong field ligands such 
as carbon monoxide, substituted phosphines, or 
cyanide, which are also bound to the metal atom in 
all previously known transition-metal complex 
hydrides, is not a pre-requisite for the formation of 
a transition metal-hydrogen bond in a complex com- 
pound. 

While the precise nature of the anionic species is 
not known, if we accept the analytical data of 
Floss and Grosse® for the solid rhenides, namely, 
Li{Re(H,O),], then it seems reasonable to assume 
that the species are of the type [HRe(OH)(H,0),]-, 
[H,Re(OH),(H,O) J-, ete. 

Technetium may prove to form similar species. 
Details of this work will be published elsewhere. 

We are indebted to the U.K. Atomic Energy 
Authority (R.C.) and the Department of Scientific 
and Industrial Research (W. P. G.) for maintenance 
grants, and to the Atomic Energy Authority and 
Johnson, Matthey and Co., Ltd., for the loan of 
technetium and rhenium, respectively. 

R. Couron 
J. DauzreL 
W. P. Grirrira 
G. WILKINSON 
Inorganic Chemistry Research Laboratories, 
Imperial College of Science and Technology, 
London, 8.W.7. 
1 Lingane, J. J., J. Amer. Chem. Soc., 64, 1001 (1942). 
* Rulfs, C. L., and Elving, P. J., J. Amer. Chem. Soc., 78, 3284 (1951). 
5 Cobble, J. W., Smith, W. T., and Boyd, G. E., J. Amer. Chem. Soc., 

75, 5777 (1953). 

‘ Bravo, J. B., Griswold, E., and Kleinberg, J., J. Phys. Chem., 58, 

18 (1954), 

* Floss, J. G., and Grosse, A. V., J. Inorg. Nucl. Chem., 9, 318 (1959). 
‘ Gremabey, L. H., Pratt, L., and Wilkinson, G., J. Chem. Soc., 3916 


Effects of Electron Bombardment upon 
Bromides of Cadmium and Silver 


SomE interesting effects of electron bombardment 
upon certain inorganic substances were reported 
by de Souza Santos'. I have also observed rather 
similar phenomena with silver bromide and cad- 
mium bromide under the electron microscope, 
although the type of reaction is not the same as that 
in de Souza Santos’s experiments. 

Electron bombardment of silver bromide causes 
local reduction to metallic silver and the reduced 
silver tends to gather locally?. 

In addition, cadmium bromide is photosensitive’. 
Electron bombardment reduced it to metallic cad- 
mium‘; the reduced metal consists of very minute 
crystals and keeps closely to the original form of 
the cadmium bromide*. In my experiments specia! 
care was taken that the specimen of cadmium bromide 
was not in contact with the film supporter in the 
electron-microscope or diffraction apparatus, but 
was held in space by a wire mesh. 

Thus different metals reduced by electron bombard- 
ment behave differently, an effect that I am inclined 
to attribute to differences of crystal structure. 
Silver bromide crystallizes in the rock-salt structure, 
whereas cadmium bromide possesses a hexagonal layer 
structure which is anisotropic’. Fig. 1 shows the 
reductive process due to electron bombardment in 
the (001)-plane of cadmium bromide, where the 
formation of triangular and hexagonal holes occurs. 
These suggest the existence of an effect of crystal 
structure on the morphological changes produced by 
electron bombardment. The anisotropy of the crystal 











1. Electron micrographs of same portion of (011)-plane of 


Fig. 

calminm bromide crystal. (a) Before electron bombardment ; 
(5) formation of triangular] holes followed later (c) by hexagonal 
holes; (@) specimen becomes transparent to electrons. ( x 3,200) 


structure of cadmium bromide apparently controls the 

mobility of the reduced metal, so that the initial 

structure persists even after reduction of the original 
salt. 

The morphological questions raised by de Souza 
Santos’s electron bombardment experiments should 
be considered in the context of the crystal structure 
of the specimens. 

SHo Suzvux1 

The Government Chemical Industrial Research 

Institute, 
Hatagaya-Honmachi, Shibuya-ku, 
Tokyo. Feb. 6. 
1 de Souza Santos, H. L., Nature, 182, 1297 (1958). 
* Trillet, J. J., and Merigoux, R., J. de Ping: et Rad., 7, 497 pee), 
enne, M. von, Z. angew. Phoio., £76 ORS. Trall, C. E., 
Schon, A. L., J. Opt. Soc. Amer., $1, 381 (1941). 

a J. A.. Wallgren, P., and Mansson, 8., 
36, 697 (1940); “Advance in Catalysis”, 8, 
Inc., eer York, 1956). 

¢ Suzuki, 8 8., Z. anorg. u. allgem. Chem., 286, 288 (1956). 

* Suzuki, 8., Kolloid-Z., 148, 108 (1955). 

° wi. ia F., “Structural Inorganic Fg en 270 (Clarendon 

Oxford, 1950). Hiickel, W., “Anorganische Struktur- 
chemi’, 595 (Ferdinand Enke Verlag, ; Stuttgart, 1948). —* x 

,in “Chemistry of the Solid State”, p. 315, edit. by W. E. 
Sante (Butterworths Scientific Pub., London, 1955). 
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PHYSICAL SCIENCES 


Advance Detonation in a Tubular Charge 
of Explosive 


A GENERAL study of the effects of a void within 
an unconfined solid explosive on its detonative 
properties was made in these laboratories in 1941 and 
later; some new observations were made. One 
effect, as shown by rotating-mirror camere. records, 
is that the velocity of detonation of « tubular charge 
is higher than normal ; for example, with a cylindrical 
charge of cast 40: 60-tetryl/T.N.T. (density 1-62), 
1} in. in external diameter, with an open axial cavity, 
14 in. long and } in. in diameter, the steady velocity 
of detonation in ths tube wall is 7,410 m./sec., as 
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compared with the normal rate of 7,125 m./sec. in a 
solid cylinder of the same diameter’. Inside the 
cavity in these conditions a luminous phenomenon 
(recorded by the camera because of the translucency 
of the explosive) travels at a sensibly constant speed 
of about 12,500 m./sec., and thus out-distances the 
detonation wave in the wall. In the open, beyond 
the end of the tube, the effect is recorded as an 
intense flame having temporarily a still higher speed, 

The results of further experiments with tubular 
charges are now also briefly reported ; in many of 
them I was associated with W. B. Cybulski, (the inte) 
W. Payman and H. Titman. First, the effects de- 
scribed above were frequently observed and found to 
vary in magnitude with the dimensions of the charge 
and cavity and with the nature and physical condition 
of the explosive. As an example of the order of the 
effect with a low-density charge, when fine tetryl 
crystals are lightly compacted (density 0-93) as a 
tube formed between two sleeves of ‘Cellophane’ } in. 
and 1} in. in diameter, the velocity of detonation in 
the tube wall is greater than the velocity in a solid 
cylinder by 47 per cent; the respective values are 
7,870 and 5,370 m./sec. 

Secondly, the result of closing the further end of 
the cavity with explosive was examined. If the tube 
and the blocking pellet are of an adequately sensitive 
explosive (for example, the above tetryl/T.N.T. 
mixture) the result shown in the photograph in 
Fig. 1 may be given (film writing-speed 352 m./sec.). 
Three detonation waves, indicated as A, B and C in 
the diagram, can be distinguished in addition to the 
luminous cavity wave. The latter again precedes 
the annular detonation wave A travelling in the tube 
wall, and its impact with the blocking pellet is 
followed by the initiation of the two detonation 
waves B and C; the former travels on through the 
final pellet and the latter in the reverse. direction 
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Fig. 2. Multiple-cavity charge with central initiation 
(Crown copyright, S.M.R.E.) 


through the tube wall towards the oncoming wave A. 
The eventual collision of waves A and C is accom- 
panied by a sharp increase in the brightness of the 
flames. The brief time-interval that elapses between 
the arrival of the internal wave at the end of the 
cavity and the first appearance of a detonation wave 
in the end pellet does not necessarily represent a 
delay in initiation ; it is no more than the time that 
would be required for the detonation to spread 
spherically from a region of inception near the axis 
to the surface. 

This phenomenon can be called ‘advance detona- 
tion’. It occurs with a variety of explosives, including 
tetryl and gelignite, but not with those of com- 
paratively low sensitivities nor in thin-walled tubes. 
Indeed, with T.N.T. of coarse crystal structure and 
cast without additive, not only is advance detonation 
absent, but also the oncoming detonation wave A is 
extinguished at the end of the cavity and all flame 
disappears ; furthermore, wave A may fade before 
teaching that point. Border-line effects, such as an 
advance detonation that is delayed or proceeds in one 
direction only, are given by explosives of inter- 
mediate sensitivity, for example, cast tetryl/T.N.T. 
mixtures containing less than 30 per cent of tetryl. 

Similarly, intermediate effects are given even with 
tetryl in charges having long or narrow cavities ; in 
these conditions the cavity wave begins to lose speed. 
The attenuation is evidence of a drain of energy to 
the wall of the cavity, a result that is doubtless 
related to the enhanced velocity of detonation in the 
tube wall (wave A). The occurrence of detonation in 
the wall of a tubular charge with an open end, as the 
result of the above loss of energy, can be observed 
only in special circumstances, for example, with 
explosives at a low packing density (and therefore in 
& very sensitive condition) and when wave A has 
been extinguished by an annulus of inert material 
that has been interposed as part of the tube. Advance 
detonation in the wall sometimes occurs in these 
conditions after a comparatively long delay. 

The conditions in the cavity resemble those in 
which advance ignition has been observed in detonat- 
ing gas mixtures contained in cylindrical tubes when 
& shock wave, travelling ahead of the flame front, 
Teaches the closed end of the tube; the collision of 
the wave with an obstruction may result either in the 
inflammation of the gas mixture? or in its immediate 
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detonation®. It is concluded that the cavity wave is 
the sole cause of advance detonation in a solid 
explosive, and that at the surface of the blocking 
pellet struck by the wave there is a rapid and substan- 
tial transformation of energy following the impact. 
The cavity wave must also be the cause of the 
enhanced velocity of the detonation in the tube wall, 
possibly through the pre-compression of all or some 
of the material of the wall. 

Some conclusions of practical importance can be 
drawn from these experiments. With an insensitive 
explosive such as T.N.T., cavitation is shown to be 
undesirable ; it must represent in any event a loss 
of explosive power, but there may be a further more 
serious loss because of a complete failure of part of 
the charge to detonate. With the advance detonation 
that occurs with more sensitive explosives, however, 
some control of explosive action is afforded by 
cavitation, although again a net loss in total power 
can be expected. The detonation of a tubular charge 
is completed in a shorter time than that of a similar 
solid charge, thus leading to enhanced explosive 
action or greater brisance ; from a knowledge of the 
velocities of the various waves, the length of the 
cavity can be chosen to give @ minimum total 
detonation time. Further, the ring of collision of 
waves A and C can be regarded as a focus of brisance ; 
multiple cavities in cascade can be used to produce a 
succession of such localities where desired. 

These secondary results of advance detonation are 
illustrated in Fig. 2, which records the detonation of 
a suspended charge of pressed tetryl (density 1-45), 
% in. in diameter, and containing four separate axial 
cavities each 8 in. long and } in. in diameter; the 
velocity of detonation in the walls of the hollow 
portions is 7,780 m./sec., as compared with the 
corresponding velocity in a solid cylinder of 6,875 m./ 
sec. Owing to the opacity of the tetryl the cavity 
wave was not recorded, but the four points of collision 
in the tube surface are seen. The arched trace shows 
that the time of detonation is further shortened 
substantially by initiating the charge centrally 
instead of at the end. In this instance the total 
reduction of time is 65 per cent. 

It is hoped to publish the quantitative results of 
this work in due course. 

D. W. WoopHEAD 
Safety in Mines Research Establishment, 
Ministry of Power, Buxton. 
1 Woodhead, Nature, 160, 644 (1947). 
2 Dixon and Bradshaw, Proc. Roy. Soc., A, '79, 234 (1907). 
’ Payman and Titman, Proc. Roy. Soc., A, 152, 418 (1935). 


Gelatin as a Photo-elastic Material 


In recent investigations of contact stresses in the 
Charles Kolling Photo-elasticity Laboratory of this 
University, a clear gelatin specially supplied by 
local manufacturers was used for the models. Gelatin 
was selected in view of its low Young’s modulus and 
its high relative stress—optical coefficient, despite its 
serious disadvantages discussed herein. 

It was found that most of the difficulties of prepar- 
ing homogeneous gelatin-glycerin models may be over- 
come if the precautions of Farquharson and Hennes' 
are carefully observed. Their suggested pouring tem- 
perature of 40°C. may be exceeded slightly without 
impairing the photo-elastic properties of the models. 

The problem of satisfactory storage of gelatin 
models was systematically investigated with the 
following general results : 
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(1) Storage in moist air. Models containing 20 per 
cent gelatin and 12-14 per cent glycerin stored at 
room temperature in air of 100 per cent relative 
humidity remained reasonably stable in respect of 
water content, Young’s modulus and stress—optical 
coefficient over a period of 200 hr. 

(2) Storage in dry ambient air. Models containing 
20 per cent gelatin and greater than 14 per cent 
glycerin stored on the bench, with a sheet of glass 
on each side of the model, were found to be reason- 
ably stable for 200 hr. To prevent adhesion of the 
model to the glass, liquid paraffin (B.P.) was found 
to be an excellent lubricant. 

(3) Storage in a glass mould. The storage of a model 
by carefully replacing it in its mould, using liquid 
paraffin as the lubricant, proved to be the most 
satisfactory method. 

The time-edge effect* developed to a marked 
extent in all the models, and appeared to be unavoid- 
able regardless of the method of storage. It may be 
overcome by cutting a thin layer from each loaded 
edge before each test. A very sharp blade must be 
used to achieve a smooth new edge. 

Another problem with gelatin photo-elastic models 
is the rapid growth of bacteria in the gelatin, which 
seriously affects the contrast of the fringe patterns. 
To prevent the growth of bacteria it is recommended 
that, when preparing the models, 0-1—0-2 per cent 
(by weight) of sodium pentachlorphenate be added 
to the water before the gelatin is added. 

Determination of the stress—optical coefficients 
with yellow sodium light (5893 A.), using a con- 
centrated point load, yielded values in the range 
2-4 x 10* to 3-2 x 10‘ brewsters for 20 per cent 
gelatin/12 per cent glycerin models, and 3:4 x 10* to 
4-0 x 10‘ brewsters for 20 per cent gelatin/14 per 
cent glycerin models. These values are not altered 
by the presence of sodium pentachlorphenate. They 
appear to be appreciably greater than previously 
published values*-5. 

H. G. BayLey 
Department of Mechanical Engineering, 
University of Sydney. 
* Farquharson, F. B., and Hennes, R. G., Civ. Eng., 10, 211 (1940). 
* Heywood, R. B., “Designing by Photo-elasticity”, 76 (Chapman 

and Hall, London, 1952). 

* Heywood, R. B., “Designing by Photo-elasticity”, 61 (Chapman 

and Hali, London, 1952). 

*Hetenyi, M., ““Handbook of Experimental Stress Analysis”, 894 

(Wiley, New York, 1950). 


* Coker, E. G., and Filon, L. N. 8., “A Treatise on Photo-elasticity”, 
294 (Cambridge University Press, 1931). 


Interpretation of Resonance Energies 
in the Photoproduction and Scattering 
of Pions from Hydrogen 


SEVERAL maxima are well established now in the 
scattering and photoproduction of pions from 
hydrogen!-*. These maxima are generally considered 
to be due to the excitation of the proton to ‘isobaric’ 
states. 

In all cases, however, the excitation energy amounts 
to several hundred MeV. It is, thus, of the same 
order of magnitude as the meson rest energies or 
their differences. 

In this communication an attempt is made to give 
& humerical interpretation of the observed excitation 
energies. 

Recently’ it was shown that the masses of a series 
of heavy fermions can be described by the relation : 


Mc* = 38-46[U(l + 1) + s(e + 1)]MeV. (1) 
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Table 1. PARTICLE REST ENERGIES IN MBV. 
| 
Values of I | 
ee 1 2 3 a S| 7 
| a2 | eale. | 106 | 260 | 490 798 | 1,182 | 1,644 
obs. | 106 | 266 | 494 792 | 1,189 | 1/645 
“ ¢ (KX) = 
| 3/2 | eale. 875 | 606 910 | 1,298 | 1,760 | 
obs. 377 603 bry 1,311 | 1,760 
5/2 | eale. 798 | 1,106 | 1,490 | | 
obs. 792 | 1:115 | 1/508 | 
A 
7/2 cale. 1,375 
obs. 1,380 | 























The quantum numbers / and s are taken to represent 
angular momentum and intrinsic spin of extended 
particles. 

In Table 1 calculated values are given for heavy 
fermions, for which comparable empirical evidence 
exists*-"1, The calculated and the empirical values 
agree in most cases within less than 1 per cent. The 
deviations, if not within the experimental error, 
may be due to electromagnetic effects or a small 
quadrupole correction. 

One of the most interesting features of the level 
scheme provided by equation (1) is the occurrence of 
a degeneracy of the value H = 798 MeV. for / = 3; 
s = 5/2 and for1 = 4; s = 1/2.’ Moreover, it coin- 
cides with the difference of the rest energies of a 
proton and of a pion (938-140) MeV. The difference 
in the stability of a proton and of mesons and 
hyperons can thus be understood as due to the 
possibility of resonance in the binding of a pion to 
a core particle with rest energy 798 MeV. 

Equation (1) can be used to explain some of the 
resonance energies observed in pion scattering and in 
the photoproduction of pions from hydrogen. 

The core particle (|= 3; s = 5/2) with energy 
E = 798 MeV. can be excited to form a particle with 
l1=3; s=7/2; HE = 1,068 MeV. The excitation 
energy amounts to H = 270 MeV. The first maxi- 
mum is found for H = 263 MeV. (c.m.) for charged 
pions produced with y-rays of 300 MeV. (lab.)!. This 
energy can be considered to represent resonance 
energy in the dispersion relation for nuclear reac- 
tions!?, 

The excitation of the same core particle to 4 
particle with 1=4, s = 5/2; H=1,106 MeV. 
would need an excitation energy of ZH = 308 MeV. A 
resonance energy in scattering of charged pions was 
found at 299 MeV. (c.m.). (This value represents the 
sum of 159 MeV. kinetic energy and 140 MeV. rest 
energy of the meson*.) 

The superposition of these two excitations, namely, 
the excitation of the core particle to a particle with 
l=4; s = 7/2 would require E = 577 MeV. A 
resonance energy for neutral photopions occurs at 
E = 574 (c.m.). (750 MeV. y-rays, lab.)’. A maxi- 
mum at this value is reported also for x~-scattering*. 

The excitation of the core particle to a particle 
with 1=3; s=9/2; E=1,414 MeV. would 
require an energy EZ = 616 MeV. (M2), and E= 
615 MeV. was found recently for a maximum in the 
m™--scattering by hydrogen‘. 

The first four excitation energies to be expected 
for the core particle of 798 MeV. thus agree with four 
of the observed resonance energies. 

The existence of resonance-levels need not be due 
to the excitation of the core particle only, but may 
be caused also by the energy absorbed for pai 
creation. 
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In fact, the first calculated resonance energy 
B = 270 MeV. coincides with the rest energy of a 
pair of neutral pions. Their formation provides thus 
an alternative interpretation or a competing process 
for the observed H = 263 MeV. (c.m.) or 300 MeV. 
(lab.) y-ray resonance energy for photoproduced 
charged pions mentioned above. 

The resonance energy for photoproduced neutral 
pions amounts to 320 MeV. y-ray energy (lab.) or 
E = 279 MeV. (c.m.)* and H = 279 MeV. is exactly 
the rest energy of a pair of charged pions. A maxi- 
mum in this energy region seems to exist also for 
n+-scattering®, 

The resonance energy due to the creation of a pair 
of particles with 1 =2; s = 1/2 would be # = 
520 MeV. A resonance energy of H = 543 MeV. 
(c.m.) or 700 MeV. (lab.) was observed with y-rays 
producing positive pions?. 

The formation of a pair of particles with 1 = 2; 
3 = 5/2 would require H = 750 MeV., and B = 775 + 
40 MeV. is reported for a maximum of scattering of 
negative pions®. 

Table 2 gives a survey of the calculated and 
observed resonance energies Ey. 
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Table 2. RESONANCE ENERGIES (MEV.) FOR PHOTOPIONS AND FOR 
PION SCATTERING FROM HYDROGEN 
8s+1y, Le 8F 6G 8g 107 
Me [798 1,068 1,106 41,875 1,414 
(Pairs) | Qn® In~ 22D apt 
Er calc. | 270 270 279 308 520 577 616 750 
4p ODS. 
fem) | 263 279 299 543 574 615 775+40 
S. | 
y-Tays | 
(lab.) | 300 320 700 750 
ae + 
ducing n n® at nm 
Scatter- | + 
ing of at n a Fa 1” 
t 








The rest energy H = 211 MeV. of a pair of muons 
should lead to a maximum for pion scattering at 
E = 85 MeV. pion kinetic energy (lab.), or to H = 
235 MeV. (lab.) for the energy of y-rays producing 
pions. Anomalies in these energy regions seem to 
have been observed*. They deserve thus further 
investigation. The resonance line need not be narrow, 
since the stimulated decay during a reaction appears 
to be much faster than the spontaneous decay. 

At any rate, all resonance energies calculated for 
the energy-range of the observed maxima agree with 
the empirical values within the experimental error, 
in several cases with remarkable precision. 

K. M. GuGGENHEIMER 

Department of Natural Philosophy, 

University of Glasgow. 
May 1. 
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‘Ring Angels’ over South-East 
England 


In the course of observations on radar ‘angels’ 
which we have been making during the past two 
years, we have occasionally noted formations of angels 
which are clearly related to the ring angels reported 
by Elder! at Ypsilanti (U.S.A.) in 1957. Fig. 1 
shows a typical and fully developed ring angel which 
was observed on February 17, 1959. This record 
was obtained with a high-power L-band radar of 
conventional design ; the signals were displayed on 
an ordinary plan position indicator with video map 
superimposed on the radar signals. The antenna 
was rotated at four revolutions per minute and the 
displays were photographed on each scan. If a film 
secured in this way is exhibited through an ordinary 
ciné projector running at sixteen frames per second, 
an acceleration of 240 times is obtained, and in these 
circumstances the dynamic growth of the ring angel 
can be clearly observed. The ring angel commences as 
a strong point echo ; it then extends into an annular 
ring, to be followed by other rings at approximately 
equal intervals of time. The whole phenomenon has 
precisely the same appearance as the ripples on a 
pond expanding from a point of disturbance. In 
the case of the rings shown on Fig. 1, eighteen rings 
were emitted from the centre with an average period- 
icity of 24 min’. and a maximum diameter of 20 miles 
was achieved. 





Fig. 1. 


Ring angel of February 17, 1959 


In the course of the present work we have observed 
sixteen such incidents, and the geographical distribu- 
tion of the active centres is shown on Fig. 2. The 
ring angels tend to occur around certain active 
regions which have been marked upon the map as 
small circles. The ring located at Ipswich has yielded 
five incidents during the past four months. Detailed 
examination of the map and of the areas involved 
has not revealed any topographical feature which 
might be a contributory factor to ring formation ; 
nor are they regions of unusual bird-roosting. 

It will be noted that no ring angels have been 
observed over the sea, and that the ranges of the 
rings from the radar station, when taken in associa- 
tion with the radiation pattern of the radar, suggest 
that the reflecting or scattering elements of the ring 
occur at @ low altitude only. It has been possible to 
make some height measurements with the aid of a 
10-cm. nodding height-finder radar. These results, . 
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Fig. 2. Location of ring angel centres 


if interpreted as heights in the ordinary manner, 
indicate that the altitude of the rings does not 
exceed 2,000 ft. 

These rings show many points of similarity with 
those reported by Elder, but there are certain 
important differences, the chief of which is the time 
of occurrence. The rings we have observed have 
all occurred at the sunrise period, and in most cases 
the presence of the ring centres has been noted for a 
few minutes before sunrise. This correlation with 
sunrise is quite vividly seen on the radar display, 
since the sun shows itself as a radial noise point upon 
the plan position indicator and ring angels and solar 
noise then exist simultaneously upon the tube. We 
have noted as many as three incidents occurring 
simultaneously about the various active centres. It 
will not be possible to see the form of the annual 
variation until a year’s cycle is completed in Sepiem- 
ber 1959, but from our records to date there appears 
to be a tendency for the rings to be more prevalent 
during the winter months. 

The rings have been observed during a variety of 
weather states, including widespread fog, but the 
ground wind-speed on all occasions has been less 
than 15 knots. The approximate circularity of the 
rings can be assessed from Fig. 1 and there has been 
only one formation which has shown some distortion 
of a form that is correlated with the wind direction ; 
in no case has there been definitely measurable 
displacement of the centre of the disturbance. 

Measurements on ring velocity and periodicity 
have been made from the film records, but no great 
accuracy can be claimed for the results, due to the 
diffuse nature of the phenomenon. The periodicity 
or interval between successive rings has varied from 
i$ min. to 12 min. for the different active’ centres, 
while the interval has changed by as much as 50 per 
cent during the course of one incident, for example, 
from 2 min. to 3 min. The range of velocity of 
expansion for all the incidents so far observed is 
25-55 m.p.h. In the case of the most perfect ring 
formation, good measurements were possible upon 
the first four rings emitted and these possessed 
velocities of 36, 30, 21 and 22 m.p.h. respectively. 

As the rings expand they become very diffuse and 
are seldom continuous ; the maximum diameter so 
far achieved is 30 miles. The debris from the ring 
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then disappears rapidly and does not continue to 
move outward as a number of independent bird-type 
angels. 

On the evidence which has so far been accumulated, 
it is difficult to decide whether ring angels are due 
to meteorological causes or, alternatively, are to be 
attributed to bird movements such as have been 
shown to be the probable explanation of a high 
percentage of ordinary radar angels by various 
workers, including Harper? and Tedd and Lack’, 
The observations are being continued and will be 
reported in detail elsewhere. 

We wish to thank our colleagues, Mr. P. Way and 
Mr. G. Downie, for assistance in making the observa- 
tions, and the engineer-in-chief of Marconi’s Wireless 
Telegraph Co., Ltd., for permission to publish this 
communication. 
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E, Eastwoop 
J. D. Bret 
N. R. Prep 
Research Division, 
Marconi’s Wireless Telegraph Co., Ltd., 
Great Baddow, 
Essex. 
May 8. 


ad Bilson C., Proc. Sixth Weather Conference, Cambridge, Mass. 


* Harper. W. G., Nature, 180, 847 (1957). 
* Tedd, J. G., and Lack, D., Proc. Roy. Soc., B, 149. 503 (1958). 


Microseisms at Scott Base 


Since March 1957, a seismological station has been 
in operation at Scott Base (77° 51’ 8., 166° 48’ E.) on 
Ross Island. The seismometers, three Benioff-type 
instruments, feed three short-period (0:2 sec.) 
galvanometers and three longer-period galvanometers 
(vertical and east-west 25 sec. ; north-south 10 sec.). 
The installation was not explicitly designed for 
microseismic recording, the main objective being the 
determination of local seismicity. However, following 
some interesting qualitative observations at the Base, 
@ preliminary examination of microseismic amplitudes 
and periods has been made. 

In Fig. la are shown, for 1958, the weekly mean 
amplitudes (arbitrary units) of 6-hourly micro- 
seismic activity on the short-period component of the 
vertical seismometer. The microseisms are 1-4 sec. 
period and, as is normal, periods increase with 
increasing amplitudes. However, abnormally, at 
Scott Base the maximum amplitudes occur during 
the summer with microseisms virtually absent during 
the winter on this component. This pronounced 
seasonal variation must be related to the presence of 
ice on the surface of the Ross Sea. The ice forms 
during autumn and breaks up in the late spring. By 
mid-winter, freezing of the sea is probably complete, 
though due to storm and tide action this cover may 
be broken. During late winter the pack ice is believed 
to extend beyond the continental shelf, thus inhibit- 
ing surface motion of the sea over the continental 
region. 

There is little doubt that the 1-4 sec. microseisms 
recorded at Scott Base are due to events within the 
Ross Sea, which cause microseisms whenever ice 
conditions permit. This is in accord with Donn’, 
who states that restricted storms or cold fronts over 
relatively shallow continental shelf waters generate 
microseisms of periods of 2-4 sec. Analyses of sea 
and weather conditions in relation to microseismic 
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Fig. 1. (a) Weekly mean amplitudes of microseismic activity on 
short-period vertical record, tt Base, 1958. on five 
typical groups at 00, 06, 12 and 18 hr. daily. (6) Monthly mean 
amplitudes of long-period microseismic activity on long-period 
north-south record, Scott Base, 1958. Based on five typical 
groups at 00, 06, 12 and 18 hr. G.m.T. every seventh day. Monthly 
mean periods are given (in seconds) at base of histogram 


activity are widespread in the literature but the 
mechanism of generation and propagation is still 
unresolved and theories pertaining to it increase*. It 
may be possible to use a knowledge of the pack ice 
morphology (amplified by aerial photography) as a 
constraining factor in the examination of these 
theories. 

Microseisms of the 4-10 sec. type appear throughout 
the year on the north-south component with the 
10 sec. galvanometer. By taking the 6-hourly 
microseismic characteristics on every seventh day 
and computing monthly means, the histogram in 
Fig. 1b has been derived. No satisfactory values for 
the months of January, February and March 1958 
can readily be derived for these longer-period micro- 
seisms because of interference by shorter-period 
activity, which follows the same seasonal pattern as 
that on the short period vertical record. Mean 
periods (in seconds) of all observations are recorded 
for each month. 

There may be a seasonal variation of the 4-10 sec. 
microseisms with a minimum in the summer; the 
results presented are certainly insufficient to establish 
this. But the major point of interest is that these 
microseisms persist undiminished throughout the 
winter. Their origins probably lie in the cyclones 
over the oceans surrounding the antarctic continent ; 
and it seems impossible that wave or surf action at 
the coast could play any part in their generation or 
transmission. 
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This communication gives a broad picture of the 
principal events. There are many details of interest 
and these will be studied extensively in the future. 

Lieut. F. Faggioni, of the Italian Navy, was the 
seismologist at Scott Base during 1958. 


T. HaTHERTON 
R. H. Orr 
Geophysics Division, 
Department of Scientific and 
Industrial Research, 
Wellington, 
New Zealand. 
April 21. 
21 Donn, W. L., Science, 119, 56 (1954). 
2 Donn, W. L., Trans. Amer. Geophys. Union, 38, 358 (1957). 


A Possible Experimental Test of Einstein’s 
Second Postulate 


As is well known, Einstein’s special theory of 
relativity rests on two postulates: (1) the postulate 
of relativity ; (2) the postulate of constant light 
velocity, which says! “that light is always propagated 
in empty space with a definite velocity ¢ which is 
independent of the state of motion of the emitting 
body”. For the first postulate there is much experi- 
mental support; for the second, none. It is not 
generally appreciated that the experiments often 
held to confirm the kinematical part of Einstein’s 
theory are, in fact, evidence that the Maxwell— 
Lorentz electromagnetic equations are invariant to 
the Lorentz transformation, since the forces and 
velocities concerned are determined from those 
equations and not by direct measurement. 

In view of difficulties which have recently arisen, 
it is highly desirable to test the kinematics of the 
theory. It is often said that an experimental test of 
the second postulate is impossible since the clocks 
used would have to be synchronized by assuming its 
truth, but this is not so. If beams of light were 
emitted from the same point at the same instant 
from two relatively moving bodies, the postulate 
could be confirmed or otherwise by observing whether 
they arrived at a distant point together or success- 
ively ; it would not be necessary to make a precise 
measurement of the times of travel. The frequencies. 
need not be the same (the Doppler effect would 
raake this unlikely in any event) provided the effect 
of the intervening air on the velocities was taken. 
into account. 

It might not be beyond the power of modern 
techniques to make this test by a purely terrestrial 
experiment, in which the motion of the sources 
remains effectively constant during the passage of 
the light. Forty years ago Majorana’ attained 
a velocity sufficient to test the indifference of 
the Michelson—Morley experiment to the velocity 
of the source, but this, of course, only confirmed 
the first postulate. My purpose here is to urge the 
importance of making this test if possible, in view 
of the very great amount of theory which at present 
rests on an assumption. 

HERBERT DINGLE 


104 Downs Court Road, 
Purley, 
Surrey. 
1 Ann. Phys., 17, 891 (1905); English translation in “The Principle: 
of Relativity” (Methuen, 1923). 
2 Phil. Mag., 37, 145 (1919). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Tuesday, June 23 


SooIlgTY FOR ENDOORINOLOGY (at the Royal Society, Burlington 
House, Piccadilly, London, W.1), at 5.30 p.m.—Prof. Charles H. 
Best (Toronto): “‘A Canadian Trail of Medical Research”’.* 


Wednesday, June 24 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. E. G. Poole and Dr. A. J. ‘Whiteman : 
“The Glacial Drifts Mt the Southern Part of the Shropshire-Cheshire 
Basin and their Status in British Pleistocene Stratigraphy’’. 


BRITISH PSYCHOLOGICAL SocikeTY, MEDICAL SECTION (at the 
Medical Society of London, 11 Chandos Street, Cavendish Square, 
London, W.1), at 8.30 p.m.—Mr. L. Z. Freedman: “Research in 
Psychiatry and Law”. 


Thursday, June 25 


ROYAL ANTHROPOLOGICAL INSTITUTE (at 21 Bedford a 
London, W.C.1), at 5.30 p.m.—Annual General Meeting. Dr. J. 
Fraser Roberts: Presidential Address. 


Friday, June 26 


CIBA FOUNDATION FOR THE PROMOTION OF INTEL.NATIONAL Co- 
OPSRATION IN MEDICAL AND CHEMICAL Raepnon (at the Royal 
Institution, 21 Albemarle Street, ——— W.1), at 5 p.m.—Prof. 
Pasteur Vallery-Radot (Paris): “Le Réle de intuition dans la 
Recherche Médicale” (11th (Annual) Ciba Foundation Lecture). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT IN MATHEMATICS—The Secretary of University Court, 
The emt Grade BC (June 27). 

ASSISTANT, Grade (with a Ri honours degree or equivalent, 
together with ng, research or industrial ~ —~ a" IN CHEM- 
ISTRY at Wolverhaumton and Staffordshire Co Technology, 
to teach inorganic chemistry to H.N.C. and G. i. rk ° part 1 standard 
—Cierk to the Joint Education Committee, Education Offices, North 
Street, hadangy xm Ae (June 27). 

LECTURER (able teach inorganic, organic or physical chemistry 
to Special (Honours) Degree Standard) IN CHEMISTRY—The Clerk 
to the Governors, Woolwich Polytechnic, London, 8.E.18 (June 27). 

LEcTURER IN OHEMICAL PATHOLOGY—The Secretary, St. Mary’s 
Hospital Medical School (University of London), Paddington, London, 
W.2 (June 27). 

LECTURER or ASSISTANT LECTURER (with special interests in organic 
roe In CHEMISTRY—The Registrar, The University, Sheffield 
(June 27 

RESEARCH FELLOW IN MATHEMATIOS—The Secretary of University 
Court, The University, Glasgow (June 27). 

Lucr rade ” IN THE DEPARTMENT OF PHYSICS, and an 
ASSISTANT LECTURER IN THE DEPARTMENT OF PuYsics—The Regis- 
trar, The University, Bristol (June 30). 

LECTURER IN PHYSICAL CHEMISTRY—Prof. M. Barrer, F.R.S., 
Chemistry De ment, Imperial College of a and Technology, 
London, 8.W.7 (June $0). 

R IN THE DEPARTMENT OF NATURAL PHILOSOPHY, and 
ASSISTANTS (3) IN THE DEPARTMENT OF NATURAL PHILOSOPHY— 
The Secretary, The University, Edinburgh (June 30). 

LECTURER IN THE History OF ScIENCE—The Registrar, The Uni- 
versity, Leicester (June y% 

PSYCHOLOGIST Ae ge an honours degree or equivalent qualification 
in psychol referably postgraduate research experience in 
experimenta or “aliniead ocd tag AE to give assistance to the Senior 
Psychologist—The Secre’ National Hospitals for Nervous Diseases, 
Queen Square, London, we 6.1 (June 30). 

ASSISTANT LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY— 
The Secretary, University College, Gower Street, London, W.C.1 
(July 6). 

ASSISTANT LECTURER or LECTURER (with an honours degree and 

referably ee oe in hydraulics) IN THE DEPARTMENT OF — 
itpomaice— strar, The University, Live 1 (July 

DEMONSTRATOR en soe y with a knowledge of plant - 5 
or biochemistry) IN THE DEPARTMENT OF BOrany.—The Registrar, 
The University, Liverpool (July 6). 

CHAIR OF MATHEMATICS in Fourah Bay College, Sierra Leone 
(University of Durham)—The Secretary, Inter-University Council 
33 wiget Education Overseas, 29 Woburn Square, London, W.C.1 
(July 7). 

LEcTURER (preferably with a special interest in statistics) IN 
MATHEMATICS ; and a LECTURER IN [INORGANIC CHEMISTRY at Fourah 
Bay College, Sierra Leone (University of Durham)—The Secretary, 
realign og Council for Higher Education Overseas, 29 Woburn 

uare, London, W.C.1 (July 7). 

BSEARCH ASSISTANT (veterinary surgeon or graduate in micro- 
biology) IN THE DEPARTMENT OF VETERINARY PATHOLOGY, for work 
on the pathogenesis of fowl typhoid—The Registrar, The University, 
liverpool (July 7). 

ASSISTANT LECTURER or LECTURER IN ASTRONOMY—The Secretary, 
University College, Gower Street, London, W.C.1 (July 13). 

BIOMETRICIANS (with an honours degree in mathematics and some 
a training, and preferably experience in consulting work or 
in the analysis of i results) IN THE AGRICULTURE DEPART- 
MENT, Wellington, Zealand, to assist in the section which advises 
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on the design and undertakes the geo of research work. 
High Commissioner for New Z , 415 Strand, London, W. 
quoting Ref. No. B.11/2/15 Mn iD, 

LECTURER/SENIOR MATHEMATICS at the 
University of Sydney, ‘Australia. —The Secretary, Association g 
Universities of the — 1 suamecccieeren 36 Gordon Square, Lor 
W.C.1 (Australia, July 2 

FOUNDATION CHAIR bs Spaneweax in the University of 
South Wales, Australia—The Agent-General for New South Wa 
56 Strand, London, W.C.2 (Australia, July 31). 

SENIOR LECTURER IN BOTANY at Canberra University Co! 
Australia—The Secretary, Association of Universities of the Brith 
Commonwealth, 36 Gordon Square, London, W.C.1 (August i 

ASSISTANT EXPERIMENTAL OFFICER (male graduate in agricultuge 
or agricultural botany) IN THE DEPARTMENT OF HERBAGE AGRONO ‘ry 
to carry out field experiments on methods of establishing leys—Th 
— The Grassland Research Institute, Hurley, Maidenh 

erks 

ASSISTANT LECTURER (with special qualifications in applied m 
matics) IN MATHEMATICS—The Registrar (Room 22, O.R.B.), % 
University, Reading. F 

CHEMIST or BIOCHEMIST, for research in the steroid field— 
Director, Group for Research on the Chemical Pathology of Ster 
Jessop Hospital for Women, Sheffield 3. 

CHEMIST (with a good honours degree in agricultural a 
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chemistry) IN THE DEPARTMENT OF Fa perry Uganda, for res: 
on soil fertility probl with tropical crop rota’ 
manures and fertilizers—The Director of Recruitment, Colonial 
London, 8.W.1, quoting BCD.63/9/09. 

DEMONSTRATOR IN PHYSICAL CHEMISTRY—The Registrar, The 
University, Nottingham. ie 
DEMONSTRATOR or RESEARCH FELLOW (preferably graduate wit} 
a knowledge of aerodynamic vege and wind tunne! experiments) 

IN AERODYNAMICS—The Recorder, College of Aeronautics, Cran 
Bletchley, Bucks. ie 
ELEOTRON Microscopist, to study fine structural s in cells 
thoes radiation, “g” force, stress, high ine al 
ry 





Chairman, Department of Anatomy, Emo: niversity, Atlanta 
teorgia 

HEAD OF THE DEPARTMENT OF PHARMAOY—The Registrar 
ford Institute of Technology, Bradford 7. 

LECTURER IN ELECTRICAL F wennmaa at ringed Techr | 
College, to teach to Professional Diploma and National Certi. 
ficate standard—tThe Director of Education, 54 Old Steine, 5 Brigh 

URER IN MATHEMATICS, and a LECT 'URER IN STATISTI D 
MATHEMATICS—The Registrar, Bradford Institute of Technolo 
Bradford rE. 

LECTURERS IN MATHEMATICS, PHYSICS, BIOLOGY AND BIocHml 
IsTRY—The President, University College, P.O. Box 399, A 
Ababa, Ethiopia. 

MASTER (with a good honours degree) to take charge of Chem 
and to teach from IVth to Vith Forms (at least to ——_ Hi 
master, St. Edmund’s College, Old Hall Green, Ware, Her' E 

PHYSICIST (with at least a second-class honours or cqui villi 
qualification), to work in a team engaged on the ic research on 
powder pressing and sintering and ame processes—The Senior 
Recruitment Officer, Atomic Weapo: Research Establi 
Aldermaston, Berkshire, quoting Ret, "2108/34. 

READER IN THE DEPARTMENT OF ELECTRICAL ENGINRERING— 
The Registrar, Royal Technical College, Salford 5, Lancs. 

RESEARCH ASSISTANT (engineering ‘and science graduate) for re 
search into oil fuel combustion—R. P. Fraser, ment of Chemie ; 
He seein Imperial College of Science and logy, Lond 


RESEARCH FELLOW (physical chemist or biochemist), for work 
virus substructure in conjunction with a team s the st 
of viruses by physical methods—The Secre 
(University of London), Malet Street, ge ye 

SENIOR LECTURER, and a LECTURER BPARTMENT OF 
ELECTRICAL ENGINEERING—The Registrar, "Royal ect nical Cole 
Salford 5, Lancs. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Other Countries 


Bibliographien des Deutschen Wetterdienstes. Nr. 9: 
meteorologische Bibliographie, 1957. Bearbeitet von Max Schne 
.x+92. (Offenbach: Deutschen Wetterdienstes, 1958.) [ 
Indian Association for the Cultivation of Science. Annual i 
for 1957-58. Pp. 52. (Jadavpur, Calcutta : Indian Association for the 
Cultivation of Science, 1959.) (198 
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